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ANTI-MICROBIAL FIBER AND FIBROUS PRODUCTS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a divisional application of Serial No. 09/565,138 filed May 
5, 2000 which claims the priority of the following provisional applications: Serial No. 
60/136,261, filed May 27, 1999; Serial No. 60/173,207, filed December 27, 1999; Serial No. 
60/172,285, filed December 17, 1999; Serial No. 60/172,533, filed December 17, 1999; Serial No. 
60/180,536, filed February 7, 2000; Serial No. 60/181,251, filed February 9, 2000; and Serial No. 
60/180,240, filed February 4, 2000. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to fiber, and, more particularly to a fiber 
having anti-microbial (and/or anti-fungal) properties which remain with the fiber when used in a 
fabric product after repeated launderings/uses. More specifically it provides a wholly or partly 
synthetic fiber and multi- or mono-component anti-microbial and/or anti-fungal synthetic fibers, 
alone or integrated with other synthetic or natural fibers, using various thermoplastic polymers 
and additives. It may be a bi-component fiber having either a core-sheath or side-by-side 
configuration or other configurations (e.g. pie-wedge). One arrangement uses binder fibers, 
which are staple fiber or filament. 

[0003] The present invention further relates to products made wholly or in part of such fiber. 

[0004] Th e r e is an incontin e nt garm e nt e mbodim e nt which r e lat e s g e nerally to garm e nt s and 
oth e r articl e s, and, mor e particularly, to garm e nts and oth e r articl e s which hav e anti microbial 
prop e rti e s for peopl e who ar e incontin e nt. Such garm e nts and articl e s includ e und e rw e ar, 
pajamas, washabl e and/or disposabl e diap e rs, as well as lin e ns, and b e d packs for b e d ridd e n 
pati e nts, to pr e v e nt b e d sor e s. Such garm e nts and articl e s may b e mad e of woven fabric, knitt e d 
fabric or non - wov e n fabric. 

[0005] There is an air filter embodiment which relates to vehicle and aircraft cabin air filters 
that are made of a wholly or partly synthetic fiber that can be either mono- or multi-component in 
nature and has anti-microbial properties and can be used with other synthetic or natural fibers to 
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form a variety of fabrics and materials. Such invention provides for filter materials that are 
resistant to bacterial and fungal growth as well as to the deterioration of the fibers contained in 
these filter materials. 

[0006] Ther e is a dr e ssings e mbodiment which r e lates to wound car e mat e rial s and burn 
dr e ssings formed of fib e rs and/or fabrics mad e of a wholly or partly s ynth e tic fib e r that can b e 
e ither mono - or multi compon e nt in natur e and has anti microbial prop e rties and can b e us e d with 
oth e r synthetic or natural fib e rs to form a vari e ty of differ e nt typ e s of fabrics and materials 
suitabl e for th e s e us e s. Th e inv e ntion provides wound car e dr e ssings and burn dr e ssings for 
suppressing bact e rial and fungal growth, and th e r e lat e d risk of inf e ction, in materials us e d for 
wound care dr e ssings and burn dr e ssing s . 

[0007] There is a fabric embodiment which relates generally to fabric construction, and, more 
particularly, to fabric having qualities imparted to it which remain for the life of the fabric, such 
as excellent color fastness without the need for a dye bath. 

[0008] Ther e is a footw e ar compon e nts e mbodim e nt which r e lat e s g e n e rally to the footw e ar 
art, and, more particularly, to footwear compon e nts having anti microbial prop e rti e s. 

[0009] Ther e is a wid e sh ee t e mbodim e nt which r e lat e s to wid e sh ee t mat e rials that ar e mad e 
of a wholly or partly synth e tic mat e rial and having anti - microbial and anti fungal prop e rties. 
Such sh e ets can b e us e d with oth e r synth e tic or natural mat e rials to form a vari e ty of diff e r e nt end 
us e products. This invention provid e s for sh ee t mat e rials for e nd us e products that ar e r e sistant to 
bact e rial and fungal growth as w e ll as to th e d e t e rioration of th e ag e nts contained in th e s e 
mat e rials. 

[0010] Th e r e is also a sho e e mbodim e nt which r e lat e s to insoles and other sho e products. 

[0011] Ther e is a laminate e mbodim e nt which r e lat e s to g e n e rally to laminat e mat e rials, and, 

mor e particularly that ar e mad e of a wholly th e rmoplastio stiff r e inforcing multipl e laminat e 
moldabl e into compound shapes and bondabl e via a thermoplastic hot m e lt adh e siv e to a carrier 
surface to b e r e inforc e d and suitabl e for footw e ar. 
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[0012] Th e r e is an institutional and hom e furnishings e mbodim e nt which r e lat e s to b e d sh ee ts, 

pillow cases, mattr e ss pads, blankets, tow e ls, drap e s, bedspr e ads, pillow shams, carpets, walk off 
mats, napkins, lin e ns, wall cov e ring s , upholst e r e d furnitur e , lin e rs, mattr e ss ticking, mattr e ss 
filling, pillow filling, carp e t pads, upholst e ry fabric and th e lik e . It includ e s fabrics and mat e rials, 
and also support substrat e s and products construct e d using g e n e rally a wholly or partly synthetic 
fib e r (which may b e mix e d with natural fib e r s ) that can be e ith e r mono or multi compon e nt in 
natur e and has anti microbial prop e rti e s. Thes e ar e for us e in th e hom e , or in institutional settings 
such as hotels and mot e ls, adult communiti e s, offic e s, hospitals, nursing homes, and prisons. 

[0013] Th e r e i s a m e dical h e althcar e e mbodim e nt which r e lat es to m e dical/healthcar e wip e s 

poss e ssing anti microbial prop e rti e s, mor e particularly, to such wipes made of mat e rials and 
fabrics compos e d of a wholly or partly synth e tic fib e r that can b e eith e r mono or multi 
compon e nt in natur e and having anti microbial prop e rti e s and can b e us e d with other synth e tic or 
natural fib e rs. Th e inv e ntion provid e s wip e s for suppr e ssing bact e rial and fungal growth, and th e 
r e lat e d risk of inf e ction. Such wip e s ar e usually disposabl e . 

BACKGROUND OF THE INVENTION 

[0014] There is a growing interest today in products which have anti-microbial and anti- 
fungal properties. There are a number of additives, fibers and products on the market which claim 
to have these properties. However, many do not have such properties, or the properties do not 
remain for the life of the product, or they have adverse environmental consequences. 

[0015] Various materials have been used in the past to provide anti-microbial and anti-fungal 
properties to fibers and fabrics. 

[0016] Examples of some organic types of anti-microbial agents, are U.S. Patents Nos.: 
5,408,022 and 5,494,987 (an anti-microbial polymerizable composition containing an 
ethylenically unsaturated monomer, a specific one-, di- or tri-functional anti-microbial monomer 
and a polymerization initiator which can yield an unreleasable anti-microbial polymer from which 
the anti-microbial component is not released), 5,709,870 (a silver containing anti-microbial agent 
which comprises carboxymethylcellulose, a crosslinked compound, containing silver in the 
amount of .01 to 1% by weight and having a degree of substitution of carboxymethyl group of not 
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less than .4 and the anti-microbial agent being a silver salt of carboxymethylcellulose, which is 
insoluble to water), 5,783,570 (an organic solvent-soluble mucopolysaccharide consisting of an 
ionic complex of at least one mucopolysaccharide and a quaternary phosphonium, an antibacterial 
antithrombogenic composition comprising organic solvent-soluble mucopolysaccharide and an 
organic polymer material, an antibacterial antithrombogenic composition comprising organic 
solvent-soluble mucopolysaccharide and an inorganic antibacterial agent, and to a medical 
material comprising organic solvent-soluble mucopolysaccharide). 

[0017] Examples of some inorganic types of anti-microbial agents are: 

[0018] Japanese Patent No. 1246204 (1988) which discloses an anti-microbial thermoplastic 
article with copper a compound added to the melted polymer just before extruding, in which the 
anti-microbial material is said to be resistant to washing. 

[0019] U.S. Patent No. 5,180,585 which discloses an antimicrobial with a first coating 
providing the antimicrobial properties and a second coating as a protective layer. A metal having 
antimicrobial properties is used including silver which is coated with a secondary protective layer. 

[0020] Japanese Patent No. 2099606 (1990) which discloses a fiber with anti-microbial 
properties made of a liquid polyester and inorganic micro particles of zinc silicate, both being 
added to the melted polymer after polymerization and just before extrusion. 

[0021] The use of anti-microbial agents in connection with thermoplastic material is known 
from U.S. Patent No. 4,624,679 (1986). This patent is concerned with the degradation of anti- 
microbial agents during processing. This patent states that thermoplastic compounds which are 
candidates for treatment with anti-microbial agents include material such as polyamides (nylon 6 
or 6,6), polyvinyl, polyolefins, polyurethanes, polyethylene terephthalate, styrene-butadiene 
rubbers. 

[0022] Japanese Patent No. 2091009 (1990) and U.S. Pat No 5,047,448 disclose an anti- 
microbial thermoplastic polymer with copper or zinc compounds and fine particles of Al, Ag, Fe 
and Zn compounds and a liquid polyester, in which the anti-microbial material is said to be 
resistant to washing. 
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[0023] Japanese Patent No. 2169740 (1990) discloses a thermoplastic fiber such as PET 
which uses silver, copper or zinc as an anti-microbial agent. There is a cellulose component 
which reduces the amount of thermoplastic with anti-microbial agent and reduces the cost. 

[0024] Examples of inorganic types of anti-microbial agent which have zeolite with silver is 
disclosed in U.S. Patents Nos. 4,91 1,898 , 5,094,847, 4,938,958 (use of zeolite with 
exchangeable ions such as silver and others), 5,244,667 (an anti-microbial composition which 
involves use of partial or complete substitution of ion-exchangeable metal ion such a silver, 
copper, zinc and others), 5,405,644 (an anti-microbial fiber having a silver containing inorganic 
microbiocide and the silver ion is stated to have been supported by zeolite, among other materials, 
the purpose being to prevent discoloration). 

[0025] Various products have been made using anti-microbial fibers. U.S. Patent No. 
5,071,551 discloses a water purifier having a secondary filter downstream of its primary filter for 
removing microorganisms and antimicrobial means disposed between the two filters, use of an 
anti-microbial agent for a water purifier. 

[0026] Japanese Patent No. 61 16872 (1994) discloses a suede-like synthetic leather with an 
anti-microbial agent. It discloses the use of anti-microbial zeolite having an anti-microbial metal 
ion. It uses two fiber types and includes PET. 

[0027] U.S. Patent No. 5,733,949 discloses an anti-microbial adhesive composition for dental 
use. The composition was made by blending of a polymerizable monomer having alcoholic 
hydroxy group and water to a dental composition containing an anti-microbial polymerizable 
monomer and a polymerizable monomer having acidic group, and with a polymerization catalyst. 
Such composition has capability to improve adhesive strength between the tooth and the 
restorative material to prevent microbial invasion at the interface and kill microorganisms 
remaining in the microstructure. 

[0028] U.S. Patent No. 5,876,489 discloses a germ-removing filter with a filter substrate and 
an anti-microbial material dispersedly mixed into the filter substrate. The anti-microbial material 
is an ion exchange fiber bonded with silver ion. In the ion exchange fiber, silver ions capable of 
killing living germs through an ion exchange reaction. 
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[0029] U.S. Patent No. 5,900,258 discloses a method for preventing a microorganism from 
growing and the breakdown of urea to ammonia on the surface of skin, wall, floor, countertop or 
wall covering, or in absorbent materials by incorporating an effective amount of naturally- 
occurring and/or synthetic zeolites. The absorbent materials are diapers, clothing, bedsheets, 
bedpads, surgical apparel, blankets, filters, filtering aids, wall coverings, countertops, and cutting 
boards, etc. Use of zeolite preventing bacterial infections and rashes in mammals may 
compromise cell wall processes including basic transport processes. Zeolites may capture or 
neutralize electrons and inhibit electron transport through key enzymes of the electron transport 
chain such as cytochrome oxidase. 

[0030] U.S. Patent No. 6,037,057 is for a bi-component fiber in which the cross sectional area 
of the sheath is less than 28% of the total cross sectional area. It also discloses the use of a 
slickening agent and use of an anti-microbial agent which is an inert inorganic particle having a 
first coating with the anti-microbial properties, and a second coating which has protective 
properties.. 

[0031] One of the disadvantages of some of the prior art is that the anti-microbial additives 
are organic and many organic materials either act as antibiotics and the bacteria "learns" to go 
around the compound, or many of them give off dioxins in use. 

[0032] Also, many such additives are applied topically to the fibers or fabrics and tend to 
wash off or wear off over time and become ineffective. Also, by washing off the additives are 
placed into the waste water stream. 

[0033] Ther e ar e many pat e nts and other publi s h e d information which ar e availabl e 

conc e rning garm e nts and oth e r articl e s int e nd e d for us e for incontinent p e r s ons. Many of th e s e 
deal with the probl e m of moving body fluids away from a person's skin to prev e nt th e type of 
probl e ms creat e d wh e n such fluids r e main in contact with th e skin for long p e riods of tim e , such 
as rash e s and oth e r skin e ruptions. Absorb e nt lay e rs ar e provided b e hind th e lay e r which touch e s 
th e skin. 

[0034] Howev e r, there is the dang e r of inf e ction du e to bacterial and fungal growth in urin e 
soak e d fabrics and th e overall discomfort caus e d by w e t clothing. 
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[0035] There has been little attention to a problem which remains even when the fluids are 
moved away from the skin. This is the problem caused by microbes which attach to the outer 
layer which touches the skin even when the fluids move into the absorbent layer. These microbes 
cause a variety of problems. 

[0036] Th e University of Minn e sota Ext e nsion S e rvic e , Waste Education S e ries publish e d an 

articl e in 1998, "Infant Diap e rs and Incontinenc e Products: Choic e s for Famili e s and 
Communiti e s by Gahring e t al r e lating to this subj e ct (her e aft e r "UOM Articl e "). This articl e 
indicat e s that th e us e of disposabl e diap e rs and incontin e nc e products have boon wid e ly adopt e d 
for babi e s and for adults with certain probl e ms. Th e r e is an e stimat e that th e r e ar e at l e ast t e n 
million adult Americans who ar e incontin e nt. On e of th e probl e ms is rash e s and skin irritation. 

[0037] Moistur e absorbing incontin e nc e products ar e produc e d in various mann e rs including 

plastic film or coat e d nylon for a wat e rproof backing, pap e r fib e r, g e lling mat e rial, or cotton 
gauz e ; flann e l for a middl e absorbent lay e r and nonwov e n or wov e n or knitt e d fabrics mad e of 
poly e st e r, olefin, viscos e or cotton for th e cov e rstock. 

[0038] This articl e discusses h e alth issu e s for babi e s r e lating to th e condition of th e skin and 
to th e transmission of inf e ctious dis e as e s. Prolong e d contact with urin e and stool is a major caus e 
of diap e r rash. 

{0039] Th e r e ar e environm e ntal probl e ms a s sociat e d with th e larg e u se of disposabl e 

products of this typ e . And this will increase as th e numb e r of eld e rly p e opl e in our soci e ty 
increas e s. Whil e disposabl e s ar e plac e d into landfills tog e th e r with oth e r trash, it app e ars that 
many p e opl e do not e mpty th e cont e nts of disposabl e s into th e toilet, and a study has shown that 
diap e r wast e s r e pr e s e nt a significant health hazard in landfills. Whil e many such products claim 
to b e biod e gradabl e , this is not always correct and th e r e is som e difficulty in making th e moistur e 
imp e rvious lay e rs of th e plastics us e d in such products, biod e gradabl e . 

[0040] Also it has b ee n found that sup e r absorb e nt disposabl e diapers aro more e ff e ctiv e than 
cloth diap e rs with s e parat e wat e rproof pants/wraps. Th e transmission of infectious dis e as e is a 
major concern for car e , outsido of the home. Th e f e cal containm e nt of disposabl e diap e rs is found 
to b e significantly b e tter than that of cloth diapers with plastic pants. 
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[0041] Vehicle and aircraft cabin air filters are vulnerable to the seeding of bacteria and fungi 
from outside air sources and air conditioning systems, thus providing hospitable sites for their 
inhibited growth. The latter is especially true since these filters often recirculate cooled air from 
air-conditioners. Thus, these materials would benefit from having antibacterial and anti-fungal 
agents incorporated into them. However, most prior art approaches of coating fibers or materials 
with anti-microbial or anti-fungal agents have limited effect. 

[0042] There have been complaints about the "musty air ,! smell which is notices when air 
conditioning equipment is turned on in such cabins. This smell is caused by the growth of mold 
and bacteria with the air conditioning system. 

[0043] There exists a need to develop fabrics and other effective material for use in air filters 
for vehicle and aircraft cabins that do not cause the development of resistant bacterial strains. 
There also still exists a need for these filters to have substrates-anti-microbial agent systems that 
are resistant to being washed away, thus maintaining their potency as an integral part of the filters 
into which they are incorporated. 

[0044] U.S. Patent No. 5,876,489 , mentioned above, describes use of a cation exchange to 
provide a fiber bonded with silver ions, usable in a germ removing filter for sterilizing air for a 
sterile room such as is used in the manufacture of food products. A problem with using silver 
zeolite fine particles for such a filter is that the particles fall out and generate dust, thereby 
deteriorating the function of a HEPA filter with which it is used. When other methods are used in 
which the zeolite particles are two microns, with fiber filament having a diameter of 8-15 
microns, insufficient zeolite particles are available on the surface of the synthetic fiber filament. 

[0045] Wound car e dr e ssings can introduc e pathog e ns that incr e as e the dang e r of inf e ction 

du e to bacterial and fungal growth into th e wound tissu e b e caus e it is n e cessary to changing th e s e 
dr e ssings fr e qu e ntly. As a r e sult of th e constant r e e xposur e of the h e aling wound to th e air, th e 
dr e ssings us e d to cov e r th e s e wounds ar e suitabl e for th e us e of anti microbial and anti fungal 
fib e rs during th e ir manufactur e . In addition, th e us e of th es e anti microbial mat e rials could allow 
th e s e dr e s s ings to b e us e d for long e r p e riods of tim e b e for e thoy n ee d to b e changed or e v e n to 
po s sibly b e r e usabl e , although they ar e usually consider e d disposabl e after on e use. How e v e r, 
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most prior art approaches of coating such fib e rs or fabrics with anti microbial or anti fungal 
agents hav e had limited succ e ss. 

{0046] Burn dr e ssings ar e us e d to pr e v e nt inf e ction du e to high pot e ntial for introducing 

bact e ria and oth e r pathogens into th e burn tissu e du e to th e fact that th e normal protective barri e r 
of th e skin has b ee n grossly disrupt e d. Th e possibility of bact e rial and fungal growth in th e burn 
tissu e during h e aling is on e of th e major dang e r s to r e cov e ry. Also, as a r e sult of th e constant r e 
e xposur e of th e h e aling burn tissu e to th e air during th e changing of dr e ssings, th e mat e rials us e d 
to protect th e se burns ar e suitabl e for the use of anti microbial and anti fungal fib e rs during th e ir 
manufactur e . In addition, th e us e of th e s e anti microbial mat e rial s could allow th e s e burn 
dr e ssings to b e us e d for long e r p e riods of tim e b e for e they n ee d to b e chang e d. 

[0047] Several patents describe anti-microbial materials in which the anti-microbial agent is 
resistant to being washed away. Similarly, U.S. Patent No. 4,919,998 (1990) discloses an anti- 
microbial medical fabric material for use in surgical gown and scrub suits, sterilization wrappers 
and similar material that retains its desirable properties after repeated institutional launderings. 

{0048] U.S. Pat e nt No. 4,226,232 disclos e s a wound dr e ssing which provid e s many d e sirabl e 

prop e rti e s. How e ver, th e r e is only bri e f m e ntion of th e us e of anti microbial ag e nts, and th e r e is 
no discus s ion of providing such ag e nts onto th e surfac e of th e fib e rs contacting the wound to 
provid e th e b es t e fficacy of anti microbial ag e nts. 

{0049] U.S. Pat e nt No. 5,098, 4 17 for a c e llulosic wound dressing with an activ e ag e nt 

ionically absorb e d th e r e on has th e anti microbial or anti fungal agent appli e d to an alr e ady 
pr e par e d fabric. 

{0050] U.S. Pat e nt No. 5,147,339 for a dr e ssing mat e rial for th e tr e atm e nt of wounds has an 

anti microbial appli e d to th e alr e ady form e d fabric as a coating. 

[0051] U.S. Pat e nt No 5,219,325 for a wound dr e s s ing has a top lay e r and a low e r lay e r 
(which contacts th e wound) conn e ct e d togeth e r by a fibrous layer. Th e low e r lay e r has an anti 
microbial appli e d aft e r th e lay e r is form e d. 
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[0052] Thus, there still exists a need to develop metal-containing anti-microbial agents that do 
not cause the development of resistant bacterial strains for incorporation into fibers that are used 
to make a variety of materials. There also still exists a need for these anti-microbial agents to be 
resistant to being abraded or washed away, thus maintaining their potency as an integral part of 
the fibers into which they are incorporated. 

[0053] PETG as used herein means an amorphous polyester of terephthalic acid and a mixture 
of predominately ethylene glycol and a lesser amount of 1,4-cyclohexanedimethanol. It is known 
that PETG can be used in polycarbonate blends to improve impact strength, transparency, 
processability, solvent resistance and environmental stress cracking resistance. 

[0054] Udipi discloses in U.S. Patents Nos. 5,104,934 and 5,187,228 that polymer blends 
consisting essentially of PC, PETG and a graft rubber composition, can be useful as thermoplastic 
injection molding resins. 

[0055] Chen et al. in U.S. Patent No. 5,106,897 discloses a method for improving the low 
temperature impact strength of a thermoplastic polyblend of PETG and SAN with no adverse 
effect on the polyblends clarity. The polyblends are useful in a wide variety of applications 
including low temperature applications. 

[0056] Billovits et al. in U.S. Patent No. 5,134,201 discloses that miscible blends of a 
thermoplastic methylol polyester and a linear, saturated polyester or co-polyester of aromatic 
dicarboxylic acid, such as PETG and PET, have improved clarity and exhibit an enhanced barrier 
to oxygen relative to PET and PETG. 

[0057] Batdorf in U.S. Patent No. 5,268,203 discloses a method of thermoforming 
thermoplastic substrates wherein an integral coating is formed on the thermoplastic substrate that 
is resistant to removal of the coating. The coating composition employs, in a solvent base, a 
pigment and a thermoplastic material compatible with the to-be-coated thermoplastic substrate. 
The thermoplastic material, in cooperation with the pigment, solvent and other components of the 
coating composition, are, after coating on the thermoplastic substrate, heated to a thermoforming 
temperature and the thermoplastic material is intimately fused to the thermoplastic substrate 
surface. 
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[0058] Ogoe et al. in U.S. Patent No. 5,525,651 disclose that a blend of polycarbonate and 
chlorinated polyethylene has a desirable balance of impact and ignition resistance properties, and 
useful in the production of films, fibers, extruded sheets, multi-layer laminates, and the like. 

[0059] Hanes in U.S. Patent No. 5,756,578 discloses that a polymer blend comprising a 
monovinylarene/conjugated diene black copolymer, an amorphous poly(ethylene terephthalate), 
e.g. PETG, and a crystalline poly(ethylene terephthalate), e.g. PET, has a combination of good 
clarity, stiffness and toughness. 

[0060] Eckart et al. in U.S. Patent No. 5,958,539 disclose a novel thermoplastic article, 
typically in the form of sheet material, having a fabric comprising textile fibers embedded therein. 
The thermoplastic article is obtained by applying heat and pressure to a laminate comprising an 
upper sheet material, a fabric comprised of textile fibers and a lower sheet material. The upper 
and lower sheet materials are formed from a co-polyester, e.g. PETG. This thermoplastic article 
may be used in the construction industry as glazing for windows. One or both surface of the 
article may be textured during the formation of the articles. 

[0061] Ellison in U.S. Pat e nt No. 5,985,079 disclos e s a fl e xibl e composite surfacing film for 

providing a substrat e with d e sir e d surfac e charact e ristics and a m e thod for producing this film. 
Th e film compris e s a flexibl e temporary carri e r film and a fl e xible transpar e nt out e r polym e r cl e ar 
coat lay e r r e l e asably bond e d to th e t e mporary carrier film. A pigm e nt base coat lay e r is adh e r e d 
to the out e r cl e ar coat lay e r and is visibl e th e r e through, and a th e rmo formabl e backing lay e r is 
adh e r e d to th e pigment e d bas e coat lay e r. Th e film is produced by e xtruding a molten transpar e nt 
th e rmoplastic polym e r and applying th e polym e r to a fl e xibl e t e mporary carri e r th e r e by forming a 
continuous thin transparent film. Th e form e d composit e may be h e at e d whil e th e transparent 
th e rmoplastic polym e r film is bond e d to th e fl e xibl e temporary carri e r to evaporate th e volatil e 
liquid v e hicl e and form a pigm e nt polym e r lay e r. Th e h e ating st e p also mol e cularly r e lax e s th e 
und e rlying film of transpar e nt th e rmoplastic polym e r to r e li e v e any molecular ori e ntation caus e d 
by th e e xtrusion. Ellison also mentions that it is d e sirable to form th e fl e xibl e t e mporary carri e r 
from a mat e rial that can withstand th e molten t e mp e ratur e of the transpar e nt th e rmoplastic 
polym e r. Th e pref e rr e d fl e xibl e t e mporary carri e rs us e d in his invention ar e PET and PETG, 
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[0062] Currently, many tee shirts, such as the grey athletic shirts, are made by blending in up 
to 10% of either solution dyed black polyester or stock dyed cotton. The solution dyed polyester 
has a disadvantage in that the product can no longer be labeled 100% cotton. The stock dyed 
cotton has the disadvantage in that it is not color fast, especially to bleach, and that it needs to be 
passed through a dye bath. 

[0063] Whil e anti microbial ag e nt s ar e known in th e footw e ar art, th e agents us e d in th e s e 

applications are g e nerally organic substanc e s. Th e disadvantag e of th e se organic ag e nts when 
us e d as anti microbial ag e nts is that bact e ria can develop a r e sistanc e to th e ir action. Thus, on e is 
fac e d with th e e m e rg e nc e of bact e rial strains that ar e no long e r aff e ct e d by thes e anti microbial 
ag e nts which n e gat e s th e function of thes e mat e rials, and is harmful to humans sinc e they ar e 
r es istant to antibiotic s . 

{0064} On e typ e of known s ho e compon e nt is an insol e disclos e d in U.S. Pat e nt No. 

4 ,86 4 ,7 4 0 for Disposabl e Insol e s, which includ e s thre e lay e rs in which the anti microbial ag e nt is 
plac e d into th e middl e lay e r. As an alt e rnativ e , th e anti microbial can b e plac e d into th e oth e r 
lay e rs, disclosing that th e particular lay e r into which th e anti microbial ag e nt is us e d is not 
important. 

[0065] U.S. Patent No. 1,101,770 for Sho e Insole Having Anti bact e rial and Anti fungal 
Prop e rti e s is a fl e xibl e polyur e than e foam pr e par e d from a r e action mixtur e incorporating an anti 
bacterial and anti fungal ag e nt which is a pyridin e thion e compound. Th e ag e nt is introduc e d into 
the product and is th e sam e conc e ntration throughout th e product. 

{0066] Thus, th e r e still e xists a n ee d to d e v e lop anti microbial footw e ar components that do 

not cause the d e v e lopment of r e sistant bact e rial strains. There also still exists a n ee d for th e s e 
compon e nts to hav e anti microbial ag e nt sy s t e ms that ar e r e sistant to b e ing worn away by 
abrasion, thu s maintaining th e ir pot e ncy as an int e gral part of th e footw e ar compon e nts into 
which th e y ar e incorporat e d. 

[0067] Sh ee t mat e rial s for various us es ar e vuln e rabl e to the se e ding of bact e ria and fungi 

from various sourc e s, thus providing hospitabl e sit e s for th e ir uninhibit e d growth. Th e latt e r is 
e sp e cially tru e sinc e , depending upon th e e nd u se , th e y oft e n arc used in environm e nts wh e r e 
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ther e is great e xposure to microb e s and fungi. One e xampl e is caf e t e ria trays. Thus, th e s e 
mat e rials would b e nefit from having antibact e rial and anti fungal ag e nt s incorporat e d onto th e m 
and/or into th e m. How e ver, most prior art approach e s of providing sh ee t mat e rials with anti 
microbial or anti fungal ag e nts hav e limit e d e ff e ct. 

[0068] A variety of patents relate to anti-microbial materials being added to materials. For 
example, U.S. Patent No. 3,959,556 (1976) relates to synthetic fibers that incorporate an anti- 
microbial agent. U.S. Patent No. 4,624,679 (1986) , mentioned above, uses anti-microbial agents 
in connection with thermoplastic materials. These materials are formed by mixing polyamide 
resins, anti-microbial agents, and an antioxidant for reducing the degradation of the anti-microbial 
agent at the high temperatures necessary for processing. 

[0069] Several other patents describe anti-microbial materials in which the anti-microbial 
agent is resistant to being washed away. U.S. Patent No. 4,919,998 (1990) discloses an anti- 
microbial material that retains its desirable properties after repeated washings. 

[0070] However, these materials have two inherent commercial disadvantages. First, while 
the anti-microbial agents incorporated into them do show some resistance to repeated washings, 
these agents do leach out of the materials, primarily because they are not physically incorporated 
into them. In fact, in many cases, the anti-microbial agents are only loosely bound into the 
material and are relatively easily washed away or naturally abraded away over time. 

[0071] On the other hand if the agents are buried too deeply in the material or homogeneously 
distributed they will not contact microbes at all and the economics of usage will be adversely 
affected. 

[0072] Second, the anti-microbial agents used in these applications are generally organic 
substances. The disadvantage of these agents when used as anti-microbial agents is that bacteria 
can develop a resistance to their action. Thus, one is faced with the emergence of bacterial strains 
that are no longer affected by these anti-microbial agents which negates the function of these 
materials. 

[0073] U.S. Patent No. 4,923,914 for a Surface-Segregatable, Melt-Extrudable Thermoplastic 
Composition discloses forming a fiber or film of polymer and an additive in which the additive 



Paop. n of 0^ 



Atty. Docket No.: 6080-P39DIV4 



concentration is greater at the surface, for example when surfactants are added to polymers to 
impart a special property thereto such as a hydrophilic character to the surface, if the additive is 
compatible with the polymer there is a uniform concentration of the additive throughout the 
polymer. In the past such webs have been bloomed to bring the surfactant to the surface. But the 
surfactant is incompatible at melt-extrusion temperatures. The patentee describes a process for 
overcoming this problem. 

[0074] However, the process described has not been very usable with anti-microbial agents. 
For example, see U. S. Patent No. 5,280,167 which describes the '914 patent discussed above and 
states that previous attempts to apply the teachings thereof to the preparation of non- woven webs 
having anti-microbial activity were not successful. This '167 patent provides for delayed anti- 
microbial activity in order to delay the segregation characteristic of the '914 patent from 
occurring. The additive which is used is a siloxane quaternary ammonium salt, an organic 
material. 

[0075] While these anti-microbial agents are designed to prevent the development of resistant 
bacterial strains, the use of metal-containing materials presents the added difficulty of being able 
to successfully disperse the anti-microbial agents throughout the material. Since these metal- 
containing compounds exists as fairly large size particles (10 microns and greater), the ability to 
evenly mix or distribute them is limited. In addition, because of this size problem, these 
substances must necessarily be applied to the surfaces of materials instead of being incorporated 
into them. The latter causes the additional disadvantage of making the applied anti-microbial 
agents relatively labile to washings or abrasion. 

[0076] Thus, there still exists a need to develop anti-microbial non-woven sheet material and 
fabrics for various uses that do not cause the development of resistant bacterial strains. There also 
still exists a need for these filters to have substrates-anti-microbial agent systems that are resistant 
to being washed away, thus maintaining their potency as an integral part of the filters into which 
they are incorporated. 

[0077] U.S. Patent No. 1,350,732 for reinforcing laminate which issued Septemb e r 21, 1982 

discuss e s a moldable laminat e which could b e mold e d into curved shap e s and which is bondabl e 
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to ft carri e r surfac e and which is useful in th e making of military boots and th e lik e . Th e pr e s e nt 
invention is an improv e m e nt. 

[007 8 ] Institutional furnishings ar e subj e ct to e xc e ssive w e ar and t e ar. Th e s e furni s hings 

must withstand th e constant onslaught of dirt and spills of a vari e ty of sub s tanc es . Th e y must also 
stand up to fr e qu e nt cl e anings with industrial str e ngth cl e ans e rs. As a r e sult, th e s e furnishings 
could b e made strong e r and mor e r e sistant by using anti microbial and anti fungal ag e nts in th e ir 
manufactur e . Th e limit e d prior art approach e s of coating fib e rs and/or fabrics with anti microbial 
or anti fungal mat e rials hav e had only limit e d succ e s s . 

[0079] Hom e furnishing s ar e not subj e ct e d to as much w e ar and t e ar as institutional 
furnishings and ar e usually mad e of a mat e rial which has a soft e r "fe e l" and i s usually more 
d e licat e than tho se mad e for institutional us e . Th e r e for e , it is difficult to mak e such mat e rials 
which will stand up to r e peat e d washings and to w e ar, particularly wh e n th e y have boon pr e par e d 
with additiv e s for sp e cial prop e rti e s such as anti microbial ag e nts. 

{0080] U.S. Patent No. 3,983,061 for a proc e ss for th e p e rman e nt finishing of fib e r mat e rials, 

including carpets, discloses an aqu e ous acid liquid for finishing fib e r mat e rials e specially dy e d 
carp e ts to make th e m anti static, dirt r e p e ll e nt, and optionally anti microbial using a singl e bath 
process for — finishing dy e d t e xtil e floor cov e rings to mak e provid e th ese charact e ristics to th e m. 
It s tat e s that th e prop e rti e s ar e "p e rman e nt" and d e fin e s this to mean r e taining th e prop e rti e s after 
a "prolong e d" p e riod of w e ar and t e ar. How e v e r, th e anti microbial prop e rti e s ar e not b e li e v e d to 
last suffici e ntly long to b e of comm e rcially us e ful application, and th e anti microbial ag e nt 
disclos e d is organic in natur e . 

[0081] U.S. Patent No. 4,371,577 for an anti-microbial carpet containing amino acid type 
surfactant is incorporated into fibrous materials prior to or after fabrication into a carpet using an 
organic material. The fibrous materials can be polyamide acrylic, polyester or polypropylene 
fibers. The preparation is accomplished in two manners. The first is that the pile yarns, the carpet 
foundations or the yarns for carpet foundation are subjected to the impregnation treatment with a 
surfactant, and the other is that a carpet fabricated from fibrous materials is impregnated with an 
organic material. 



Paop IS nf <tt 



Atty. Docket No.: 6080-P39DIV4 



[0082] U.S. Patent No. 5,762,650 for a biocide plus surfactant for protecting carpets where 
the dyeing and anti-microbial finishing is performed simultaneously. The anti-microbial agent is 
an organic material. 

[0083] While there are known anti-microbial agents which are said to be designed to prevent 
the development of resistant bacterial strains, the use of metal-containing materials presents the 
added difficulty of being able to successfully disperse the anti-microbial agents throughout the 
fibers. Since these metal-containing compounds exist as fairly large size particles (10 microns 
and greater), the ability to evenly mix or distribute them is limited. In addition, because of this 
size problem, these substances must necessarily be applied to the fibers instead of being 
incorporated into them. The latter causes the additional disadvantage of making the applied anti- 
microbial agents relatively labile to washings. 

{0084] Thus, th e r e still e xists a need to dev e lop fabrics, mat e rials and s urfaces substrat e s for 

us e in hom e and institutional furnishings which contain m e tal - containing anti microbial ag e nts 
that do not caus e th e d e v e lopm e nt of r e sistant bacterial strains for incorporation into fib e rs that 
ar e us e d to mak e a vari e ty of fabrics. Th e r e also still e xists a n e ed for th e s e anti microbial ag e nts 
to be resistant to being wa s h e d away, thus maintaining th e ir pot e ncy as an int e gral part of th e 
fib e rs, fabrics, materials, and furnishings into which th e y ar e incorporat e d. 

[0085] M e dical wip e s ar e us e d for a variety of cleaning and disinf e ctant purpos e s in ho s pital 

and oth e r institutional s e ttings. Ev e n though most curr e nt mat e rials of this kind ar e disposabl e , 
th e ir use incr e ases th e pot e ntial of moving pathog e ns from surfac e to s urfac e . Any spr e ading of 
thes e pathog e ns increas e s th e possibility of bact e rial and fungal growth on a variety of surfac e s, 
which can l e ad to th e transmission of inf e ctious mat e rials, particularly in institutional s e ttings. 
Thus, the mat e rials used in m e dical wipes ar e am e nabl e to th e incorporation of anti microbial and 
anti fungal fib e rs during th e ir manufactur e . By using th e s e anti - microbial mat e rials, m e dical 
wip e s could b e us e d for long e r p e riods of tim e b e for e th e y n e ed to b e chang e d. How e v e r, most 
prior art approach e s of coating fibers or fabrics with anti microbial or anti fungal ag e nts hav e had 
limit e d succ e ss. 
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[0086] U.S. Patent No. 5,709,870 (1998), mentioned above, discloses a silver-containing anti- 
microbial agent that has good affinity to the fiber and is stable to heat and light. The anti- 
microbial consists of silver bound to carboxymethylcellulose in the amount of 0.01 to 1.0 percent 
silver by weight that is applied to the fibers. 

[0087] While these anti-microbial agents are designed to prevent the development of resistant 
bacterial strains, the use of metal-containing materials presents the added difficulty of being able 
to successfully disperse the anti-microbial agents throughout the fibers. Since these metal- 
containing compounds exists as fairly large size particles (10 microns and greater), the ability to 
evenly mix or distribute them is limited. In addition, because of this size problem, these 
substances must necessarily be applied to the fibers instead of being incorporated into them. The 
latter causes the additional disadvantage of making the applied anti-microbial agents relatively 
labile to washings. 

[0088] Thus, there still exists a need to develop metal-containing anti-microbial agents that do 
not cause the development of resistant bacterial strains for incorporation into fibers that are used 
to make a variety of materials. There also still exists a need for these anti-microbial agents to be 
resistant to being abraded away, thus maintaining their potency as an integral part of the fibers 
into which they are incorporated. In the event they are not disposable, they need to be resistant to 
washings. 

SUMMARY OF THE INVENTION 
[0089] It is an object of the present invention to provide an anti-microbial fiber in which the 
anti-microbial agents are efficacious and adhere to the fiber and are greatly resistant to washing 
off or wearing off of the fiber or fabric to which they are applied. 

[0090] It is also an object of the present invention to provide an anti-microbial fiber in which 
the anti-microbial additives are inorganic. 

[0091] It is another object of the present invention to provide a fiber with anti-microbial 
properties in which the anti-microbial agent is applied to certain areas, or has higher 
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concentrations in certain areas, to reduce the amount of the anti-microbial agent which needs to 
be used and thus lower the cost of such fiber and/or a product including such fiber. 

[0092] It is another object of the present invention to provide an anti-microbial fiber 
combined with non-anti-microbial fibers for use in anti-microbial finished fabrics that are able to 
withstand significant wear and washings and still maintain their effectiveness. 

[0093] It is a further object of the present invention to provide an anti-microbial fiber: 

combined with color pigments for coloration for the use in anti-microbial finished 
fabrics to withstand fading; 

combined with UV additives to withstand fading and degradation in fabrics 
exposed to significant UV light; 

combined with additives to make the surface of the fiber hydrophilic or 
hydrophobic; 

combined with additives to make the fabric flame retardant or flame resistant; 

combined with additives to make the fabric anti-stain; and/or 

using pigments with the anti-microbial so that the need for conventional dyeing 
and disposal of dye materials is avoided. 

[0094] These and other objects of the present invention are accomplished by synthetic fibers 
having anti-microbial and/or anti-fungal properties using various thermoplastic polymers blended 
with other types of fibers, and additives, some incorporating natural fibers. 

[0095] Thus, the present invention provides a synthetic anti-microbial fiber comprising high 
and low levels of various thermoplastic polymers and controlled concentrations of inorganic anti- 
microbial additives mixed with polymers and selectively placed in the end product for greatest 
technical effectiveness and cost effectiveness. 

[0096] The anti-microbial and/or other agent(s) are held in the sheath and are exposed 
externally by suitable sizing of particle cubes and sheath thickness, e.g., using one micron cubes 
and 2 micron thick sheaths, and similar ratios of sheath to core in other sizes. 
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[0097] The present invention also provides a synthetic anti-microbial fiber comprising high 
tenacity polymers e.g. polyesters, polyethylene terephalate (PET) in one portion and hydrolysis 
resistance polymers in another portion with hydrophilic and anti-microbial additives. In some 
applications the latter portion can be deliberately made hydrolysis-vulnerable to allow "blooming" 
and enhanced access to anti-microbial additives in the course of several washings or extended 
uses. 

[0098] Also, the present invention provides an anti-microbial finished fabric by blending the 
synthetic anti-microbial fibers with non-anti-microbial fibers such as cotton, wool, polyester, 
acrylic, nylon, and the like. 

[0099] The various polymers, include but are not limited to, polyethylene (PE), polypropylene 
(PP), polyethylene terephthalate (PET), PCT, PETG [PET, type G], Co-PET and copolyesters 
generally, Styrene, polytrimethylene terephalate (PTT)m 3GT, Halar®, polyamide 6 or 6,6, etc. 
The additives include pigments, hydrophilic or hydrophobic additives, anti-odor additives and 
anti-microbial/anti-fungal inorganic compounds, such as copper, zinc, tin and silver. 

[0100] PETG is an amorphous binder fiber which can be blended into yarns with other fibers 
to form fabrics, as well as non-woven fabrics. After heat activation, the PETG fiber melts, wets 
the surface of the surrounding fibers, and settles at the crossing points of the fibers, thus forming 
"a drop of glue" which bonds the fibers together and distributes the anti-microbial additives. 

[0101] The excellent wetting characteristics of PETG can be used to distribute the anti- 
microbial additive uniformly within a yarn or fabric. In addition to the zeolite of silver, the PETG 
could carry other inorganic anti-microbial additives such as copper, zinc, or tin. 

[0102] In addition to the anti-microbial component, the invention may be used to carry 
pigments with the PETG to achieve certain colors without the need to dye the other fibers. 

[0103] The created synthetic fibers of polymers and additives can further be blended with non 
anti-microbial fibers to provide anti-microbial finished fabrics that are able to withstand 
significant wear and washings and maintain their effectiveness. 
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[0104] The use of hot water improves the products in that washing the fibers/products in hot 
water opens the pores of the PET and such washed products perform better than unwashed 
products (this is thought to be due to the removal of spinning/weaving lubricants). 

[0105] Material can be made in biodegradable form, such as by adding corn starch to the core 
or sheath polymers. This enables whole families of disposable fibers and fabrics. 

[0106] U se of a cloth diap e r and a garm e nt ov e r it i s e ff e ctiv e , e sp e cially wh e n anti 

microbial/anti fungal fib e rs ar e us e d for th e fib e rs which hav e contact with th e wast e matt e r, 
although b e n e ficial e ff e cts ar e availabl e e v e n wh e n th e anti microbial/anti - fungal ag e nts ar e us e d 
only in th e fib e rs which touch the body. 

[0107] Du e to th e urin e soaking which occurs with incontin e nt p e rsons, th e s e garments ar e 

suitabl e for th e us e of anti microbial and anti fungal fiber s during th e ir manufactur e . Th e us e of 
such anti microbial mat e rial allows th e s e garm e nts to b e r e usabl e without th e n e gative e ffects of 
pres e nt reusabl e garm e nts of this typ e . Th e anti microbial may b e fabric (knitt e d or wov e n) plus 
absorb e nt pads. This also appli e s to b e d packs for b e d ridd e n pat e nts to pr e v e nt bed sor e s. 

[010 8 ] It is an obj e ct of th e incontin e nt garm e nt e mbodim e nt to provide garm e nts and articl e s 

intend e d for us e for incontin e nt persons which articl es have anti microbial and/or anti fungal 
fib e rs in a wov e n or non wov e n fabric of th e garm e nt or articl e which is in contact with such 
p e rsons skin to eliminat e or substantially r e duc e th e probl e ms caused by such microb e s. 

[0109] It i s anoth e r obj e ct of th e incontin e nt garm e nt embodim e nt to provid e such garm e nts 

and articl e s which may b e cl e an e d and r e used many times whil e maintaining th e b e n e ficial anti 
microbial qualiti e s th e r e of. 

[0110] It i s a further obj e ct of th e incontin e nt garm e nt e mbodim e nt to provid e anti microbial 
fib e rs in th e absorb e nt mat e rial usually us e d in such articl es . 

[0111] Thus, there still exists a need to develop garments and articles of the type described 
which are made of fibers having metal-containing anti-microbials that do not cause the 
development of resistant bacterial strains for incorporation into fibers that are used to make a 
variety of fabrics. There also still exists a need for these anti-microbial agents to be resistant to 
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being washed away, thus maintaining their potency as an integral part of the garments and articles 
into which they are incorporated. 

[0112] It is a principal object of the air filter embodiment to provide vehicle and aircraft cabin 
air filter materials that meet these needs in a manner consistent with industry specifications, 
overall durability, and cost-effectiveness. 

[0113] It is another object of the air filter embodiment to provide such filters which are 
effective to eliminate or at least substantially reduce the "musty air' 1 smell noticed in such cabins. 

[0114] The foregoing objects are met by filters based on anti-microbial fibers that have been 
designed using inorganic silver-containing compounds that allow the formation of both mono- 
and multi-component polymeric fibers having these anti-microbial agents intermixed within the 
polymer during fiber formation. The concentration of the anti-microbial agent can be varied 
within each individual fiber as a gradient using mixing strategies and also from fiber to fiber. The 
concentration of anti-microbial agent within a fabric or material made from these anti-microbial 
fibers can also be varied regionally using fibers containing varying amounts of anti-microbial 
agents in conjunction with both natural and synthetic fibers having different amounts of anti- 
microbial agents or even no added anti-microbial agents. A variety of other agents can be added, 
either by mixing or topically, to color the fibers and/or to make it resistant to staining, fire, and 
ultraviolet (UV) light as well as altering its water absorbing qualities. Various polymers, without 
limitation, can be used to form these fibers. In the context of this invention, anti-microbial refers, 
but is not limited, to antibacterial and anti-fungal. 

[0115] It is an obj e ct of th e wound and burn dr e ssings embodiment to provid e wound car e 

dr e ssings that m e et th e se n ee ds with attendant durability and comfort in a cost e ffectiv e mann e r. 

[0116] It is anoth e r obj e ct of th e wound and burn dr e ssings e mbodim e nt to provid e wound 

car e dr e ssings that ar e one tim e us e products having durability and workability. 

[0117] A further obj e ct of th e wound and burn dr e ssings e mbodim e nt is to provid e such 

dr e ssings in which th e anti microbial ag e nt is availabl e at the surface of th e fib e rs. 
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[011 8 ] It is th e obj e ct of th e wound and burn dr e ssings e mbodim e nt to provid e burn dressings 

that m ee t th e se n ee ds with substantial durability and comfort in a cost e ff e ctiv e mann e r. 

[0119] Still a furth e r obj e ct is to provid e a dr e ssing which is us e ful by its e lf, or in 

combination with oth e r wound dr e ssing syst e ms to add fib e rs to such a syst e m which ar e in dir e ct 
or n e ar contact with th e wound to provid e anti microbial ag e nts on th e surfac e of th e fib e rs 
clos e st to th e wound. 

[0120] Yet a furth e r obj e ct of th e wound and burn dr e ssings [inv e ntion] e mbodim e nt is to 

provid e such a dr e ssing which maintains its vigor e v e n after any liquid or cr e am anti microbial 
ag e nts that may b e us e d th e rewith hav e lost th e ir e fficacy or hav e l e ft th e dressing and wound du e 
to mov e m e nt of th e pat e nt and th e dr e ssing its e lf. 

[0121] Th e for e going obj e cts ar e m e t by wound car e and burn dr e ssings based on anti 

microbial fibers that hav e be e n d es ign e d using inorganic silv e r containing compounds that allow 
th e formation of both mono and multi compon e nt polym e ric fib e rs having these anti microbial 
ag e nts int e rmix e d within th e polym e r during fib e r formation. Th e conc e ntration of th e anti 
microbial ag e nt can be vari e d within e ach individual fib e r as a gradi e nt using mixing strat e gi e s 
and also from fib e r to fib e r. The conc e ntration of anti microbial ag e nt within a fabric or mat e rial 
mad e from th e s e anti microbial fib e rs can also b e vari e d r e gionally u s ing fib e rs containing 
varying amounts of anti microbial ag e nts in conjunction with both natural and synthetic fib e rs 
having diff e rent amounts of anti microbial ag e nts or e v e n no add e d anti microbial agents. A 
vari e ty of oth e r ag e nts can be add e d, e ith e r by mixing or topically, to color th e fib e rs and/or to 
mak e it r e sistant to staining, fir e , and ultraviol e t (UV) light as w e ll as alt e ring its wat e r absorbing 
qualiti e s. Various polym e rs, without limitation, can b e us e d to form th e s e fibers. In th e cont e xt 
of this inv e ntion, anti microbial r e f e rs, but is not limit e d, to antibact e rial and anti fungal. 

[0122] FIG. 10 shows a wound car e dr e ssing 52 which includes a bottom lay e r 4 6, a top lay e r 

4 8 and an interm e diate absorb e nt fibrous lay e r 50 which joins the oth e r two lay e rs. The bottom 
lay e r 4 6 is us e d dir e ctly against th e wound and th e r e fore th e fib e rs of this lay e r hav e th e anti 
microbial ag e nt appli e d ther e to as d e scrib e d b e low. 
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[0123] Th e inv e ntion us e s fib e r s with silv e r zeolite as a compon e nt in a wound dr e s s ing pad. 

Th e finish e d product may b e e ith e r th e pad itself or, th e pad combin e d to FVC, adh e siv e or oth e r 
mat e rials. The wound dr e ssing pad may b e wov e n, knit, non wov e n or oth e r fabric typ e and may 
contain any vari e ty of natural or synth e tic fib e rs in addition to th e anti microbial fib e rs. Th e pad 
may or may not hav e a cov e r stock ov e r it, as w e ll as oth e r m e dicat e d tr e atm e nt s . 

[012 4 ] Th e purpos e is to h e lp pr e v e nt th e growth of microbes in/on a wound car e dr e ssing, as 

w e ll as th e wound ar e a, as it h e als. Th e th e ory h e r e is that a r e duction in microb e sfoacteria will 
facilitat e h e aling and minimiz e th e pot e ntial for inf e ctions. 

[0125] Inf e ctions are a significant concern with wound care and burn car e , body fluids at th e 

wound on burn sit e provid e both the "food" and moistur e for GHC microbial growth. 

[0126] A dr e ssing m e dia containing an anti microbial additive would pr e v e nt th e growth of 

microb e s in th e m e dia in contact with the wound or burn. Thi s may allow th e dressing to r e main 
in plac e long e r and r e duc e th e trauma wh e n a "dr e ssing is chang e d." 

[0127] It is one object of the fabric embodiment to provide a fiber which is used to form a 
fabric to which qualities may be imparted which last for the life of the fabric. 

[0128] It is another object of the fabric embodiment to provide such a fabric which is 
provided with coloring which remains fast even to sunlight and many launderings. 

[0129] It is a further object of the fabric embodiment to provide such a fabric which is 
provided with a colorant without the use of a dye bath. 

[0130] It is still another object of the fabric embodiment to provide a fiber and fabric of the 
type described which possesses anti-microbial properties. 

[0131] It is yet another object of the fabric embodiment to provide a fiber and fabric of the 
type described in which characteristics may be imparted using agents which become permanently 
fixed and are maintained for the life of the fabric. 

[0132] These objects and others are accomplished in accordance with the present invention 
which uses PETG: 

[0133] As a carrier for pigments for coloration for use in finished fabrics to withstand fading; 
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[0134] With pigments together with other fibers, so that the need for conventional dyeing and 
disposal of dye materials is avoided; 

[0135] With pigments and other fibers, and the resulting fabric possesses excellent fastness 
for both sunlight resistance and washing; 

[0136] With pigments for coloration, the color of the fabric remains fast for in excess of 50 
commercial launderings; 

[0137] With pigments blended with cotton, which leaves the encapsulated pigment attached to 
the outside of the cotton fiber and ceases to be a fiber after activation, so that the resulting fabric 
can still be labeled 100% cotton fiber; and 

[0138] With anti-microbial and/or other additives with any natural fibers, so that the resulting 
fabrics have anti-microbial and/or other properties with the same characteristics of natural fabrics. 

[0139] PETG may be used as one of the polymer blends and/or carriers for a wide variety of 
applications. PETG is an amorphous binder fiber that can be blended into yams with other fibers 
to form woven fabrics, as well as knits and non-woven fabrics. It has two characteristics of 
particular interest: (1) excellent wetting and (2) low melting temperature (which can be controlled 
between 90°C and 160°C). It is used in the present invention as a carrier to carry pigments and/or 
anti-microbial additives and/or other additives and is blended with other fibers which may be 
natural fibers such as cotton, silk, flax, wool, etc. or other synthetic fibers such as : PET, PP, PE, 
Nylon, Acrylic, etc. After heat activation, the PETG melts, continuously releases the color 
pigments and/or anti-microbial or other additives and wets the surface of the surrounding fibers 
with the pigment and/or anti-microbial or other additives it carries. It settles at the crossing points 
of the fibers, thus forming "a drop of glue" which bonds the fibers together. Therefore, PETG 
delivers and distributes the pigments and/or anti-microbial or other additives uniformly within a 
fabric, generating the finished fabrics and/or fabrics having anti-microbial properties. 

[0140] Since the natural fibers used to blend with PETG are not changed physically after heat 
activation of PETG, they contain the same characteristics as natural fibers. The PETG may be 
used together with or without anti-microbial agents to form a fabric having excellent color 
fastness even in the presence of sunlight, and will withstand many washings without deterioration. 
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The fabric is made by blending PETG used as a carrier for pigments and/or anti-microbial 
additives, with cotton or any other fibers of synthetic material such as from polyester and rayon, 
and activating PETG from 1 10° to 140° C. The color is thus provided to the yarn and fabric 
without the need of going through a dye bath. This fabric remains color- fast for in excess of 50 
commercial launderings. 

[0141] The excellent wetting characteristics of PETG can be used to distribute the pigments 
and/or anti-microbial additive uniformly within a yarn or fabric. While many anti-microbial 
agents may be used, such as those, which use copper, zinc, or tin, the preferred agent is zeolite of 
silver. In addition to the anti-microbial component and the pigment added to the PETG, the 
PETG may be used as a carrier to add other properties to yarn and fabric, such as fire retardants. 

[01 4 2] It is a principal obj e ct of th e footw e ar compon e nts e mbodim e nt to provid e such 

footwear compon e nts that m ee t th e s e n ee ds in a mann e r consist e nt with industry sp e cifications, 
ov e rall durability, and cost e ffectiven e ss. 

[01 4 3] It is anoth e r obj e ct of th e footw e ar components e mbodim e nt to provid e such footw e ar 

compon e nts in various forms such as rigid, s e mi rigid or fl e xibl e and which may b e constructed 
using fib e rs or not as desir e d. 

{0144] A furth e r obj e ct of the footw e ar compon e nts e mbodim e nt is to hav e th e anti microbial 

ag e nt as clos e as possibl e to a p e rson's foot. 

[01 4 5] An additional obj e ct of th e footw e ar compon e nts e mbodiment is to hav e a high e r 

conc e ntration of th e anti - microbial and/or anti fungal agent close to the surfac e and not wast e d by 
b e ing plac e d into oth e r parts of th e wh e r e th e anti microbial prop e rty is not n ee d e d.. 

{0146] Th e for e going obj e cts ar e m e t by footw e ar compon e nts such as insol e s, midsol e s, box 

to e s, count e r and linings of footw e ar products, e .g., sho e s, slipp e rs, sn e ak e rs and th e lik e in which 
th e anti microbial ag e nt is availabl e for th e life of th e product and not washed away or worn away 
by sweat or abrasion. Also, th e anti microbial ag e nt is placed into th e compon e nt close to or on 
th e surfac e which is most n ee dy of th e prot e ction, such as th e part of an insol e clos e st to th e foot 
of a user wh e n th e insol e , or oth e r compon e nt is ass e mbl e d into a footw e ar product. Thus, th e 
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fungi or microb e s which may form and cr e at e odors or oth e r probl e ms ar e kill e d on contact with 
the surfac e of the sho e compon e nt anti microbial surfac e ar e a. 

[01 4 7] Th e footw e ar compon e nt of th e disclos e d products can b e a nonwoven fabric of 

synth e tic fib e rs, primarily poly e st e r, but which could b e acrylic, nylon, rayon, ac e tat e , PP, and th e 
lik e . Th e fabric can hav e a w e ight from 65 400 grams p e r squar e m e t e r and typical fib e r s rang e 
from 1.2 dT e x to 17 dT e x with a cut l e ngth of 15 180 mm. Th e y ar e card e d, cross lapp e d and 
n ee dl e punched, but could b e produc e d on oth e r typ e s of nonwov e n e quipment, such as spun 
laced or spun bonded equipm e nt. 

[0148] Th e impr e gnation is a lat e x of SBR, vinyl ac e tat e , PVC, acrylonitril e , and th e lik e . 
Impr e gnation is from 1 4 tim e s the w e ight of th e nonwov e n fabric on a dry ba s is. A rang e of 
fill e rs such as clay, calcium carbonat e , and th e lik e ar e us e d to r e duc e th e cost. Ther e are two 
basic m e thods. On e is to mix th e anti microbial with lat e x compound and impr e gnat e it into th e 
insol e . Th e other is to us e anti microbial fib e rs on th e insole in various mann e rs. 

[01 4 9] It is a principal object of th e pr e s e nt film e mbodim e nt to provid e such sh ee t and film 

mat e rials that m ee t th e s e n ee ds in a mann e r consi s tent with industry specifications, ov e rall 
durability, and cost e ff e ctiv e n e ss. 

[0150] It i s anoth e r obj e ct of the film and sh ee t e mbodim e nt [pr e s e nt inv e ntion] to provid e 

such sh ee t mat e rials in various forms such as rigid, s e mi rigid or fl e xibl e and which may b e 
constructed covered with thin film s , or not, as d e sir e d. 

[0151] Th e foregoing obj e cts ar e m e t by sh ee t and film mat e rials of an anti microbial non - 
fibrous mat e rial such as m e lt e d th e rmoplastic material that has b ee n d e sign e d u s ing inorganic 
s ilv e r containing compounds that allow th e formation of both mono and multi lay e r polym e ric 
mat e rials having thes e anti microbial ag e nts int e rmix e d within th e polym e r during mat e rial 
formation. 

[0152] Th e anti microbial will usually b e includ e d at and n e ar th e surfac e of a thin lay e r such 

as a film. The conc e ntration of th e anti microbial ag e nt can b e vari e d as a gradi e nt using mixing 
strat e gi e s. Th e concentration of anti microbial ag e nt within or on th e surfac e of sh ee t mat e rial 
can also b e vari e d r e gionally using mat e rials containing varying amounts of anti microbial ag e nt s 
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in conjunction with both natural and synth e tic materials having diff e r e nt amounts of anti 
microbial agents or even no add e d anti microbial agents. A vari e ty of oth e r ag e nts can b e add e d, 
e ith e r by mixing or topically, to color th e mat e rial and/or to mak e it r e sistant to staining, fir e , and 
ultraviol e t (UV) light as w e ll as alt e ring its wat e r absorbing qualiti e s. Various polym e rs, without 
limitation, can b e us e d to form thes e fib e rs. In the cont e xt of this inv e ntion, anti microbial r e f e rs, 
but is not limit e d, to antibact e rial and anti fungal. 

[0153] Th e pr e s e nt inv e ntion provid e s s e v e ral e mbodim e nts, on e of which r e lat e s to th e co 

extrusion of flat or shap e d films or profil e s. Th e product may b e a multi layer construction with 
th e surfac e layer, on on e or both sid e s, containing z e olite of s ilv e r (or oth e r m e tal such as tin, 
copp e r, zinc, e tc.). 

[015 4 ] Th e product may b e a flat film for us e in a flat form for count e r tops, floors, walls, or 

mold e d into s hap e s s uch as caf e t e ria trays, s e rving di s h e s, high chair tabl e , r e frig e rator trays, 
microwav e lin e rs, and luggag e . 

[0155] As a profil e th e e xtrusion may b e a rain gutt e r, a scr ee n e nclosur e , a count e r top, hand 
railing, duct work, sanitary piping, wat e r pip e , gask e t mat e rial s , around dishwash e r, garag e door), 

[0156] Th e s am e concept appli e s to multi lay e r inj e ction mold e d parts. In this cas e th e 

surfac e lay e r may hav e anti microbial prop e rti e s in applications such as t e l e phon e hands e ts, baby 
bottl e s, comput e r k e yboards, pla s tic ut e nsils, and milk bottles. 

[0157] Th e choic e of particl e s iz e of th e z e olit e is bas e d on th e thickn ess of th e film to obtain 

th e b e st combination of s urfac e ar e a with anchoring in th e film. For e xampl e , a v e ry thin film of 
3 m would b e be s t serv e d with a 1 -2 m z e olit e , which would hav e a maximum dim e nsion of 2 x 
1.73 or about 3.5m. 

[015 8 ] Th e inn e r films could b e mad e of basically any thermoplastic r e sin, such as; PE, PP, 

PET, PS, PCT, Polyamid e (nylon), Acrylic, PVC, e tc. Th e surface lay e r(s) could b e mad e of th e 
sam e polym e rs plus som e low t e mp e ratur e on e s such as PETG, Polycaprolacton e , EVA, e tc. 
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[0159] It is a principal obj e ct of th e pr es ent e mbodiment to provid e such sh ee t and film 

mat e rials that moot these n ee ds in a mann e r consist e nt with indu s try s p e cifications, ov e rall 
durability, and cost eff e ctiv e n e ss. 

[0160] The for e going obj e cts ar e m e t by sh ee t and film mat e rials of an anti microbial non 

fibrous mat e rial such as melt e d th e rmoplastic mat e rial that has b ee n d e sign e d 

[0161] Hom e and institutional furni s hings ar e provid e d which ar e mad e from fib e rs, yarns, 

fabrics, mat e rials, and substrat e s having anti microbial prop e rti e s using inorganic silv e r 
containing compounds. This allow s , for e xampl e , th e formation of both mono and multi 
component polym e ric fib e rs having th ese anti microbial ag e nts int e rmix e d within th e polym e r 
during fib e r formation. Th e concentration of th e anti microbial ag e nt can b e vari e d within e ach 
individual fib e r as a gradi e nt using mixing strat e gi e s and also from fib e r to fiber. Th e 
concentration of anti microbial ag e nt within a fabric or mat e rial mad e from th e s e anti microbial 
fib e rs can also b e vari e d r e gionally using fib e rs containing varying amounts of anti microbial 
ag e nts in conjunction with both natural and synth e tic fib e rs having diff e r e nt amount s of anti 
microbial ag e nts or e v e n no add e d anti microbial ag e nts. A vari e ty of oth e r ag e nts can b e add e d, 
e ith e r by mixing or topically, to color th e fib e rs and/or to mak e it r e sistant to stains, fir e , and 
ultraviol e t (UV) light, as w e ll as alt e ring its wat e r absorbing qualiti e s. Various polymers, can b e 
us e d to form th e s e fib e rs. In th e cont e xt of this inv e ntion, anti - microbial r e f e rs, but is not limited, 
to having anti bact e rial and anti fungal prop e rti e s. 

[0162] It is th e object of th e pres e nt m e dical wipes e mbodim e nt to provide medical and h e alth 

car e wip e s that m ee t th e s e n ee ds with att e ndant durability in a cost effectiv e mann e r. 

[0163] It is anoth e r object of th e pr e s e nt e mbodim e nt to provid e medical and h e alth car e 

wip e s that which hav e anti microbial prop e rti e s and which will not b e abrad e d away by us e . 

[016 4 ] Th e for e going obj e cts ar e m e t by m e dical wipes bas e d anti microbial fib e rs that hav e 

b ee n d e sign e d using inorganic silv e r containing compounds that allow th e formation of both 
mono and multi component polym e ric fib e rs having th e s e anti microbial ag e nts int e rmix e d 
within the polym e r during fib e r formati eftr 
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[0165] M e dical or h e alth car e wip e s of th e pr e s e nt e mbodim e nt hav e a variety of purpos e s. 

On e is to absorb fluid or s e mi fluid body substanc e s such as blood. Anoth e r is to provid e a liquid 
or s e mi liquid for cl e aning and/or disinf e cting an ar e a of th e body. A furth e r on e is to disinf e ct or 
cl e an instrum e nts of various types which ar e us e d in th e m e dical fi e ld in and around th e human 
body. Th e actual construction of s uch wip e s diff e r d e p e nding upon th e int e nd e d us e . 

[0166] Howev e r, th e r e ar e som e similariti e s in many such wip e s. Th e y ar e mad e from non 

woven materials and hav e an activ e surfac e which is liquid p e rm e abl e , a thick e r und e r lay e r of an 
absorb e nt mat e rial, and an upp e r lay e r of liquid imperviou s mat e rial so that a us e r of such a wip e 
will not hav e th e liquid touch th e us e rs fingers, which ar e thus prot e ct e d. For conv e ni e nc e som e 
typ e s will hav e a handl e . If th e wip e is to absorb liquid mat e rials, th e absorbent material will b e 
dry. How e v e r, if the wipe is us e d for cl e aning purpo se s, th e absorb e nt mat e rial will usually b e 
the r es ervoir for th e liquid or se mi - liquid cl e aning mat e rial. 

[0167] In e ach typ e of wip e , at l e ast th e surfac e of non - wov e n mat e rial which e ngag e s th e 
skin or mat e rial to b e cl e ans e d i s provid e d with anti microbial prop e rties as d e scrib e d h e rein. 
That is an inorganic anti microbial ag e nt is incorporat e d into th e outer surfac e lay e rs of its fib e rs 
to provid e anti microbial prop e rti e s th e reto. 

[0168] The concentration of the anti-microbial agent can be varied within each individual 
fiber as a gradient using mixing strategies and also from fiber to fiber. The concentration of anti- 
microbial agent within a fabric or material made from these anti-microbial fibers can also be 
varied regionally using fibers containing varying amounts of anti-microbial agents in conjunction 
with both natural and synthetic fibers having different amounts of anti-microbial agents. A 
variety of other agents can be added, either by mixing or topically, for different reasons, such as 
altering its water absorbing qualities. Various polymers can be used to form these fibers. In the 
context of this invention, anti-microbial refers, but is not limited, to anti-bacterial and anti-fungal. 

[0169] Th e inv e ntion uses fib e rs with silv e r z e olit e as a compon e nt in a m e dical wip e cloth. 

Th e finish e d product may b e construct e d of non woven, knit, woven or oth e r mat e rial. It may 
also b e tr e at e d or pr e moi s t e n e d with a topical tr e atm e nt such as a s oap solution or oth e r additiv e . 
The finished product may be produc e d from any combination of natural or synth e tic fib e rs in 
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addition to the anti microbial fib e rs. A wip e cloth may b e unitary or combin e d or laminat e d to 
som e oth e r fabric. 

[0170] Th e purpos e of this inv e ntion is to h e lp pr e vent th e growth and spr e ad of 

microb e s/bact e ria wh e n a wash cloth or wip e com e s in contact with th e human body. Without th e 
anti microbial treatm e nt, the wash cloth or wipe m e r e ly spr e ads bact e ria. — With th e anti 
microbial treatm e nt, it is b e li e v e d that bacteria are killed from contact with th e anti microbial 
treated wash cloth or wip e . 

[0171] Many curr e nt wip e cloths us e d in food s e rvic e or th e hom e collect bits of organic 

matt e r which do e s not fully rin se out. This matt e r b e com e s a food s ourc e for th e growth of 
bact e ria and mold. 

[0172] Thi s inv e ntion incorporat e s an anti microbial additiv e , e .g. z e olit e of silv e r, in fib e r 

us e d to mak e wip e s for food s e rvic e . 

[0173] Th e h e althcar e wip e curr e ntly has pr e s e rvativ es add e d to th e liquid in th e packag e s so 
that the w e t wip e will not contain bact e ria or mold. Pr e s e rvative s by th e ir natur e can caus e 
all e rgic r e actions wh e n th e y com e in contact with th e skin. 



BRIEF DESCRIPTION OF THE DRAWING 
[0174] Other objects, features and advantages will be apparent from the following detailed 
description of preferred embodiments taken in conjunction with the accompanying drawings in 
which: 

[0175] FIGS. 1A, IB, IB 1 , 1B M and 1C are cross-sectional views of various fiber 
configurations used in practice of the various embodiments of the invention; 

[0176] FIG. 2 is a sketch of a fibrous mass using one or more of the fibers of FIGS. 1A-1C; 

[0177] FIG. 3 is a schematic view of the feed hopper, screw and extruder; 

[0178] FIG. 4 is a sectional view through the exit of the extruder showing the formation of 
coaxial bi-component fibers of the present invention; 
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[0179] FIGS. 5 and 6 are photomicrographs of fibers showing the particles of zeolite of 
silver; 

[01 8 0] FIG. 7 shows a garment mad e from th e fib e rs of th e pr e s e nt inv e ntion for a p e rson 

who is incontin e nt; 

[0181] FIG. 78 is a cross section of one type of filter using the fibers of the present invention; 

[0182] FIGS. 89A, 89B, 89C, 89D are diagrams of air flow systems utilizing the fibers of the 
invention; 

[01 8 3] FIG. 10 is a cross s e ction of on e type of wound car e or burn dressing; 

[0184] FIG. 914 is a flow chart showing the preparation of the fibers and yarn for use in 
making a woven or nonwoven fabric; 

[0185] FIG. 1042 is a flow chart showing the preparation of fibers and yarn and then of a 
fabric; 

[0186] FIG. 111£ is a flow chart showing another manner of preparing fibers in accordance 
with the present invention; 

[01 8 7] FIG. 1 4 is a sch e matic isom e tric vi e w of a first typ e of insol e using lat e x; 

[01 88 ] FIG. 15 i s a s ch e matic isom e tric vi e w of a s e cond typ e of insol e using a lay e r of anti 

microbial fib e rs; 

[01 8 9] FIG. 16 is a sid e vi e w of a sh ee t mat e rial having an anti microbial film lay e r co 

e xtruded th e r e on; 

{0190] FIG. 17 is a sid e vi e w of a sh e et mat e rial having two anti microbial films extrud e d 

th e r e on, on e on e ach sid e ; 

[0191] FIG. 1 8 is a sid e view of a furth e r arrang e m e nt in which a doubl e sh e et mat e rial is 

compl e te surround e d by an anti microbial film; 

[0192] FIG. 19 is a sid e vi e w of a shap e d sh ee t mat e rial having two anti microbial films 

e xtrud e d th e r e on; 
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[0193] FIG. 20 is an isom e tric vi e w of a food tray construct e d in accordance with th e pr e s e nt 

inv e ntion; 

[0194] FIG. 21 is a partial s e ctional view of apparatu s for making a multi layer co e xtrud e d 

[0195] FIG. 22 is a se ctional view through th e apparatus shown in FIG. 21; 

[0196] FIG. 23 is an isom e tric vi e w of apparatus for making a sid e by - sid e co e xtrud e d sh ee t; 

[0197] FIG. 2 4 is a cross s e ction through an insol e mad e in accordance with th e pres e nt 

inv e ntion; 

[019 8 ] FIG. 25 is a plan vi e w of the insole of FIG. 24; 

[0199] FIG. 26 is a cro s s s e ction through a laminat e for footwear compon e nts; 

[0200] FIG. 27 is a cross s e ctional e xplod e d vi e w through an offic e partition; 

[0201] FIG. 122* is a schematic view of a humidifier evaporation surface media used to 
humidify air; 

[0202] FIG. 132£ is a schematic view of a humidifier pad or filter in a system; and 
[0203] FIG. 1428 is a pad or filter for a circulation/aeration system. 

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 
[0204] In the United States, all claims concerning anti-microbial and anti-fungal properties 
must be thoroughly tested to Environmental Protection Agency (EPA) and Food and Drug 
Administration (FDA) standards before making claims. The anti-microbial herein can be said to 
"kill bacteria" in that it kills 99.99% (log 4) of bacteria in 24 hours, and "anti-microbial" in that is 
kills 99.9% (log 3) of bacteria in 24 hours. This is based upon actual test results. Testing, such as 
by using the shake flask test, has demonstrated that when fibers and fabrics are tested using the 
anti-microbial system disclosed herein, the number of bacteria on the fibers is reduced by 99.99% 
or more over a 24-hour period and at least by 99.9%. This testing was performed using several 
different bacteria, including Pseudomonas aeruginosa, Staphylococcus aereus and Klebsiella 
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pneumoniae. The testing was conducted using both unwashed fibers and fibers that had been 
washed fifty times to simulate use of the fiber in an application, such as a pillow. The EPA has 
indicated that products tested using this system may claim "Prohibits Bacteria Growth and 
Migration Along the Surface of the Product." The addition of the agent in this system inhibits the 
growth of mold and mildew or odor-causing bacteria in the fibers. This is a true anti-microbial 
product. The fibers retain their efficacy after simulated use conditions so that the anti-microbial 
action lasts the life of the product. 

[0205] THE FIBERS AND THE ADDITIVES 

[0206] According to a first configuration of the present invention shown in FIGS, 1 A-2 a bi- 
component fiber 10A is formed of a sheath component S and a core component C using 
polyethylene terephthalate (PET) (or other thermoplastic polymer) in the core, making up 
between 20 to 80 % of the fiber by weight. The sheath is also PET, or other thermoplastic 
polymer, making up between 80 to 20% of the fiber by weight including, as a dispersed solid, 
additive A (or compounded with the sheath plastic) an anti-microbial compound, to gain the 
efficiency of the additive on the surface and not wasting the additive in the core. 

[0207] In the more generalized case as mentioned above, the sheath may be quite thin. 
However, preferably the sheath is more than 28% of the total fiber cross-section. It has been 
found that one of the best methods for retaining the anti-microbial qualities in the fiber and in 
fabrics is to use sheath thicknesses which are properly related to the size of the anti-microbial 
additive particles. For example, when the anti-microbial particles are approximately 1 micron 
cubes, which provides diagonal dimensions of approximately 1.7 microns, the sheath thickness 
would be in the vicinity of 2 microns. In this manner the particles of the agent are firmly held in 
the sheath by the material of the sheath holding them in place. When the particles are larger or 
smaller, the thickness of the sheath is adjusted accordingly. 

[0208] The anti-microbial/anti-fungal additives are inorganic compounds using such metals 
as: copper, zinc, tin, and silver. The best results are obtained using a zeolite of silver dispersed in 
a polyethylene (PE), PET, or polybutylene terephthalate (PBT) carrier, but could be added 
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directly to a melt of a sheath thermoplastic without an intermediate carrier. The total anti- 
microbial additive ranges from 0.2% (0.002) to 6.0% (0.06) by weight of fiber depending on 
performance requirements. The anti-microbial additives are held in the sheath and are prevented 
from washing off over time and remain effective, especially when the sheath-thickness to agent- 
particle size ratio is in a desirable range as mentioned above and discussed in more detail below. 

[0209] The bi-component anti-microbial/anti-fungal synthetic fiber size would preferably 
range from 0.7 dTex to 25.0 dTex and could be produced as a cut staple fiber in lengths from 1.0 
mm to 180 mm, or in a continuous filament. 

[0210] Additives which can be incorporated include one or more of UV stabilizers at 0.1% 
(all %'s herein are by weight unless otherwise stated) to 5.0%; fire retardant (FR) additives at 
0.1% to 5.0%; pigments at 0.1% to 6.0%; hydrophilic additives at 0.2% to 5.0%; hydrophobic 
additives at 0.2% to 5.0%; and/or anti-stain additives at 0.2% to 5.0%. 

[0211] A second configuration of this first embodiment of the present invention is a bi- 
component fiber 10B in which the components x, y (x = strength, y = functional portion) are side- 
by-side and the same polymers and additives are used as described above. Variants of this are 
shown in FIG. IB' in which the tri-component fiber 10B 1 has components xl, x2 and y', and in 
FIG. IB" in which the four-component fiber 10B" has components xl, x2, yl and y2. 

[0212] A third configuration shown in FIG. 1C is a continuous filament 10C that could be 
used by itself as the binder or as part of a yarn or fabric with cooperating (strength) fibers 
indicated at 10D. 

[0213] It should be understood that the nominal "binder" fiber or binder component can also 
be a strength enhancer in some combinations. It will also be understood that other variants with 
respect to FIGS. 1A-1C, including, but not limited to combinations, can be made. For example, a 
first extrusion could produce intermediate fiber products as in FIG. 1 A and such products could 
be put together with each other or separate strength fibers and processed to produce simulations of 
FIGS. IB, 1B\ IB", 1C. 

[0214] FIG. 2 shows a non- woven or woven fibrous mass M made up of any of the fibrous 
configurations of FIGS. 1A-1C after heating wherein the binder fiber component melts and flows 
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to form locking knots at many (if not most or all) of the cross-over points or nodes N of the 
fibrous mass to enhance strength and durability of the mass while maintaining a dispersion of the 
binder materials and its functional additive(s). 

[0215] While the preferred embodiment is a PET/PET bi-component with zeolite of silver 
being used only in the sheath. Resins with different viscosities can be used to obtain improved 
performance. A PCT7PET arrangement is one variation which takes advantage of the hydrolysis 
resistance and resilience; however, the PET/PET is more cost effective, especially for use in 
apparel and bedding. 

[0216] FIGS. 1A-2 can also be used to describe a second embodiment grouping of practice of 
the invention. 

[0217] The first configuration of the second embodiment of the present invention is a bi- 
component fiber of a core and a sheath as shown in FIG. 1 A using PET or other high tenacity 
polymer in the core at between 20% and 80% by weight of the fiber. Poly 1,4 cyclohexylene 
dimethylene terephthalate (PCT) or other hydrolysis resistant polymer is used for the sheath at 
80% to 20%. The core is designed to provide the strength of the fiber and the modulus can be 
varied to create a high modulus fiber with properties of high tenacity and low elongation similar 
to cotton, or a low tenacity and higher elongation fiber with properties similar to wool; or 
anywhere in between to obtain different fibers to make them as compatible as possible for their 
end uses and for any blend in which they will be used. In fibers, modulus refers to the area under 
the curve in a stress/strain curve. The sheath is preferably over 28% of the total cross sectional 
area. The sheath uses PCT which provides a hydrolysis resistant surface with good wrinkle 
resistance and resistance to long term washings in boiling water and strong soaps. 

[0218] Additives in this second embodiment include pigments, compounds to create a 
hydrophilic surface, and anti-microbial, anti-fungal, anti-odor additives. The pigment additives 
are to provide uniform colors that do not fade significantly over long-term use and washing, 
unlike dyes. Compounds may be used which create a hydrophilic surface and this is designed to 
wick body moisture away from the skin and evaporate to create comfort for a wearer of a garment 
containing such fibers and is particularly useful for career apparel such as uniforms, work clothes, 
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etc. The anti-microbial, anti-fungus and anti-odor additives can be varied depending on the 
functionality of the career apparel. 

[0219] The bi-component anti-microbial/anti-fungal synthetic fiber size ranges from 0.7 dTex 
to 25.0 dTex and can be produced as a cut staple fiber in lengths from 1.0 mm to 180 mm, or in a 
continuous filament. 

[0220] Another arrangement (FIG. 1C) is a bi-component continuous filament that could be 
used by itself or as part of a yarn or fabric. 

[0221] FIGS. 1A-2 can also be used to describe a third embodiment grouping of practice of 
the invention. 

[0222] The third embodiment of the invention is a mono-component of homo-polymer fiber 
made from low temperature polymers with a melting or softening temperature below 225° C. such 
as PETG. It relates to a binder fiber carrier for anti-microbial additives, which can be further 
blended with non-anti-microbial fibers to provide an anti-microbial finished fabric that is able to 
withstand significant wear and washings and maintain their effectiveness. The anti-microbial 
additives are inorganic. 

[0223] A mono-component or homo-polymer fiber used in this embodiment was made from 
low temperature polymers with a melting or softening temperature below 225° C. such as PETG 
(PET modified with 1,4, cyclohexanedimthanol), PE, PP, co-PET, or amorphous PET. Another 
low melting temperature polymer which may be used is polycaprolactam (PCL). The anti- 
microbial additives are inorganic compounds made from metals such as copper, tin, zinc, silver, 
etc. The preferred compound is a zeolite of silver dispersed in PE, PET, or PBT before being 
added to the fiber. The additives could be added directly to the primary polymer with pre- 
dispersion. The total active ingredients range from 0.1 to 20% by fiber weight. Other inorganic 
metals such as tin, copper, zinc, etc. work also but not as well as zeolite of silver. 

[0224] The binder (carrier) fiber containing polymers and anti-microbial additives can be 
blended with non anti-microbial natural fibers such as cotton and wool, or synthetic fibers such as 
polyester, acrylic, nylon, PTT, 3GT, rayon, modified rayon, and acetate to an anti-microbial 
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finished fabrics that is able to withstand significant wear and washings and maintain their 
effectiveness. 

[0225] A typical example is a fiber using the PETG polymer with the zeolitic contained silver 
additive blended with cotton up to 10% by weight to produce a bed sheet. The binder fiber is 
activated in the drying cycle of the final bleaching operation or other heat operation. The PETG 
melts and wets the surface of the cotton fibers to carry the anti-microbial characteristics to the 
entire sheet with an added benefit of increasing strength and reducing pilling. 

[0226] The fiber size ranges from 0.7 dTex to 25 dTex and a staple length of 1 .0 mm to 1 80 
mm. A continuous filament yarn can also be produced that can be used in a wrap spun 
application whereby non-anti-microbial fibers are spun around the anti-microbial filament. 

[0227] The antimicrobial product withstands more than 50 commercial washings at 80° C 
and/or dry cleanings. It is immune to UV exposure of at least 225 kj. It possesses excellent 
abrasion resistance and is unaffected by tests such as Tabor or Wyzenbeek. 

[0228] The present invention also provides a unique way to use polymers such as PETG to 
carry and deliver anti-microbial additives and/or pigments to a natural non-anti-microbial fiber, 
such as cotton, wool, possibly mixed with polyester, nylon and the like, and generate a final 
binding fabric having anti-microbial properties. 

[0229] PETG has two characteristics of interest: (1) excellent wetting and (2) low melting 
temperature. In the present invention, it is used as a carrier to carry anti-microbial additives and 
be blended with non-anti-microbial fibers. After heat activation, the PETG melts, continuously 
releases the anti-microbial additives and wets the surface of the surrounding non anti-microbial 
fibers with the anti-microbial additives it carries. Thus, PETG delivers and distributes the anti- 
microbial additive uniformly within a fabric and the PETG holds the anti-microbial agent in 
place, generating the finished fabrics having anti-microbial property. Since the natural fibers used 
to blend with PETG are not changed physically in this process, they contain the same 
characteristics as natural fibers. 

[0230] The bi-component fiber may be formed by the use of pellets of the two different 
polymers or a direct polymer stream from the reactor of which the fiber is to be formed. The 
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arrangement shown in FIG. 1 A is intended for a configuration of a core fiber, and a sheath fiber 
which contains an additive, e.g., an anti-microbial agent. Since the best of the anti-microbial 
agents known at this time to the present inventor is zeolite of silver, the present example uses this 
agent. The intent is to use the minimum amount necessary to provide the desired characteristics. 
The additive provides the desired anti-microbial effect only at the surface. Therefore, if the bulk 
of the additive is located within the volume of the fiber well below the surface, that portion will 
not be useful for most or all of the life of the material into which the fiber is made. Since there 
frequently is some surface abrasion, some of the additive particles which are just below the 
surface when the fiber is made, become available at the surface, later in the life of the product. 

[0231] In the past, attempts have been made to provide the additive at the surface, and the 
result was that the additive particles did not have a very useful life since they were removed from 
the surface by washing and wear or use. Therefore, the present invention strongly attaches the 
additive particles to the outer region of the fiber. 

[0232] It has been possible to make particles of zeolite of silver as small as 1 micron cubes. 
A particle of such size will have a diagonal dimension of about 1.7 micron. Therefore, the 
smallest thickness of the sheath would be about 2 microns. The present invention permits a 
core/sheath arrangement in which the sheath is as small as 2 microns in thickness with the 
additive incorporated into the sheath. The diameter of the sheath is adjusted to the particle size so 
that the particles are held firmly in place and are available at the surface of the sheath. The 
particles may be smaller or larger than 1 micron cubes or larger, and the sheath may be 
correspondingly smaller than 2 microns or larger. In such an arrangement most, or all, of the 
additive is available for surface action, and, with wear and/or washings a small amount of the 
surface of the sheath will wear or wash away, and other additive particles which were originally 
more deeply embedded, become available at the surface. 

[0233] The photomicrographs of FIGS. 5 and 6 show the small particles of zeolite of silver in 
the sheath, many of which can be seen on the surface or projecting through to the surface of the 
fibers. There are more such particles which are just below the surface of the fibers, and which 
will become available for anti-microbial activity as small portions of the fiber wears or washes 
away and the particles become available at the surface. 
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[0234] FIGS. 3 and 4 show a manner of making a core/sheath fiber with an anti-microbial 
additive which is incorporated into the sheath polymer prior to the final extruding of the fiber. In 
the prior art, this was mostly done as a treatment after extruding. 

[0235] The extruder 12 is shown diagrammatically in FIG. 3 having a feed hopper 14, an 
extruder screw section 16 for feeding melted material to the delivery end, and a heating chamber 
18 which surrounds the bottom of the feed hopper as well as the total length of the extruder screw 
section 16 for melting the pellets which are fed into the hopper and maintaining the polymers in 
melted condition for being extruding through the extruding openings which act as nozzles. 
Besides pellets, it is possible to make these fibers using direct polymer streams from continuous 
reactors feeding to the melt pumps for a company which is a polymer producer. 

[0236] There are two extruders, one which has a feed hopper for forming the sheath and 
another with a hopper for forming the core. 

[0237] The nozzle end of the extruder is shown in cross section in FIG. 4 which includes 
three sheets of metal 20, 22 and 24 to form two chambers 26 and 28. The melted polymer is fed 
into the extruder nozzle from the top. There are a plurality of two types of holes, one type being 
28 and which feeds into chamber 26 to form the core of the fiber, and the other type being 32 
which feeds into chamber 28 to form the sheath of the fiber. 

[0238] The following non-limiting examples illustrate practice of the invention. 

Example 1 

[0239] The anti-microbial fiber of the present invention was used in the making of a mattress 
pad. In this example, 15% of a 6.7 denier 76mm cut length natural white fiber was used as a 
homofilament with zeolite of silver as the anti-microbial agent and 15 % of a bi-component fiber 
was used together with 70% PET 6x3 T295 in a blend in which the zeolite of silver comprised 
0.9% of the fiber. The blend of this fiber was made into a batt of about 1-1 1/2 " thickness of 
nonwoven material which was then placed between two layers of woven fabric to form a mattress 
pad. When tested using the shake flask test this provided a 99.99% microbial kill ratio. 
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[0240] There are other examples in which all of the parameters of Example 1 were used and 
in each of which there was 15% of a bi-component fiber used. Again the zeolite of silver 
comprised 0.9% of the fiber. The percentage of the anti-microbial fiber ranged from 20% to 40% 
and the PET ranged from 45% to 65%. In all examples the microbial kill ratio was 99.99% using 
the shake flask test. 

Example 1A 

[0241] In this example, 35 % of a 6.7 denier 51mm cut length natural white fiber was used in 
a sheath/core bi-component configuration with zeolite of silver as the anti-microbial agent and 
15%o of another bi-component fiber was used together with 50% PET 6x3 T295 in a blend in 
which the zeolite of silver comprised 1.8% of the fiber. The blend was then prepared as in 
Example 1 and when tested using the shake flask test, there was a 99.9% microbial kill ratio. 

[0242] A second group similar to the first one was prepared in which the sheath/core bi- 
component fiber with zeolite of silver as the anti-microbial agent comprised from 10 to 35% of 
the fiber blend, 15% of another bi-component fiber was used and from 50 to 75% of PET 6x3 
T295 was used. The zeolite of silver comprised 0.75% of the fiber. In the shake flask test, there 
was a 99.99% microbial kill ratio. 

Example 2 

[0243] In this example, 15% of a 3.5 denier 38mm cut length PETG fiber was used as a 
homofilament with zeolite of silver as the anti-microbial agent. 85% PET fiber was blended with 
the PETG anti-microbial fiber to form a blend in which the zeolite of silver comprised 1 .8% of 
the fiber. The fiber was made into a wall covering and was tested by the shake flask test, which 
provided a microbial kill rate of 99.99% 

[0244] A modified version was prepared the same way except that there was only 10% fiber 
with zeolite of silver in the blend and 90% PET fiber was used. After the fiber was made into a 
wall covering, this too provided a 99.99% microbial kill rate using the shake flask method of 
testing. 



Paap 40 of 



Atty. Docket No.: 6080-P39DIV4 



[0245] A further modified version was used in which there was only 5% fiber having zeolite 
of silver in the blend and 95% PET fiber in the blend. The testing, after the fiber was used in a 
wall covering, again provided a 99.99% microbial kill rate for bacteria. 

[0246] The fibers described above can be used to make both woven and nonwoven fabrics as 
well as knitted fabrics. Such fabrics are useful for various types of articles, some of which are 
listed below. 

INCONTINENT GARMENTS 

[02 4 7] Incontin e nt garm e nts, including disposabl e diap e rs, underw e ar, pajama s , and lin e ns, 

som e of which may b e knitt e d. This is di s clos e d, for e xampl e , in p e nding provisional application 
S e rial No. 60/173,207 fil e d D e c e mb e r 27, 1999, th e cont e nt s of which ar e physically incorporat e d 
h e r e in below, in which garm e nts and oth e r articles for incontinent p e rsons mad e of an anti 
microbial fib e r compris e s various th e rmoplastic polym e rs and additiv e s in a mono compon e nt or 
bi compon e nt form in e ith e r a cor e- s h e ath or s id e by sid e configurations. Th e anti microbial 
synth e tic fib e rs can compris e inorganic anti microbial additiv e s, distribut e d only in c e rtain ar e as 
in ord e r to r e duc e the amount of th e anti microbial ag e nts b e ing us e d, and th e r e for e th e cost of 
s uch fib e rs. The anti microbial additiv e s us e d in th e synth e tic fib e rs do not wash off ov e r tim e 
b e caus e th e y ar e int e grally incorporat e d into th e s e fib e rs, thus th e ir e ff e ctiv e n e ss is incr e as e d and 
prolong e d. Th e anti microbial synthetic fib e rs compris e high t e nacity polym e rs ( e .g. PET) in on e 
compon e nt and hydrolysis r e sistance polym e rs ( e .g. PCT) in anoth e r compon e nt. Th e hydrophilic 
and anti microbial additiv e s provid e a hydrolysis r e sistant surfac e with good wrinkle resistanc e 
that r es ults in long - t e rm prot e ction against washing s in boiling wat e r and strong soaps. Th e anti 
microbial synthetic fib e rs can furth e r b e bl e nd e d with non anti microbial fib e rs such as cotton, 
wool, poly e st e r, acrylic, nylon e tc. to provid e anti microbial fini s h e d fabrics that ar e abl e to 
withstand significant w e ar and washing s and whil e maintaining th e ir eff e ctiv e n e ss. 

{0248] Anti microbial fibers can b e us e d to mak e mat e rial s for a vari e ty of applications in 

which it is n e c e ssary or d e sirabl e to r e duc e bact e rial and fungal growth and th e r e sultant odor. 
Sp e cifically, in p e rsonal hygi e n e situations, th e s e mat e rials can b e us e d in r e usable or re w e arabl e 
incontin e nt garm e nts and oth e r articl e s such as lin e ns and bod packs to pr e v e nt b e d sor e s on 
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persons confinod to bod for extend e d p e riods of time. Diap e rs and oth e r clothing and articles for 
incontinent individuals ar e constantly and int e rmitt e ntly b e ing soak e d with urin e and th e s e it e ms 
as now manufactur e d ar e not e ff e ctive at killing odor and inf e ction cau s ing bact e ria. By making 
th e s e it e ms disposabl e , th e growth of bact e ria and fungi is r e duc e d d e p e nding upon how oft e n 
th e y ar e chang e d, but th e r e ar e e nvironmental and other consid e rations to disposables. How e v e r, 
th e us e of th e anti microbial fib e rs in such garm e nts and articl e s that maintain their effectiv e n e ss 
during washings, r e sults in r e usabl e garm e nts and articl e s of th e typ e d e scrib e d with odor 
r e ducing and anti microbial properti e s which last for th e lif e of s uch garments and articl e s. 

[02 4 9] As a r e sult of th e abov e , th e us e of anti microbial fib e rs in th e manufactur e of 

incontin e nt garm e nts is desirable. Th e se anti microbial fiber containing garm e nts ar e useful in 
reducing the growth of bact e ria, fungi, and oth e r microb e s once soak e d with urin e , thus r e ducing 
th e discomfort of th e individual and pr e venting inf e ctions g e n e rally. Sp e cifically, th e anti 
microbial fib e r containing fabric s may b e us e d in both th e cov e ring fabric and th e wat e r absorb e nt 
int e rior mat e rial. In this way, both surfac e and int e rior prot e ction is achi e v e d. In addition, th e s e 
mat e rials may also b e mad e to b e r e usabl e b e caus e th e anti microbial e ff e ct of th e fib e rs of th e se 
garm e nts and articl e s ar e r es istant to multipl e washings. Thus, a significant cost savings is 
r e aliz e d in th e laundry op e rations of hospitals and nursing hom e s as well as in th e e conomics of 
individual hous e holds. 

[0250] In manufacturing th e s e mat e rials, any of th e fib e r e mbodim e nts d e scribed below could 

b e us e d. Both th e str e ngth and r e sili e ncy of th e s e mat e rials is important sinc e th e y must stand up 
to multipl e w e ttings and s ubs e qu e nt cl e anings. Thus, both bi compon e nt fib e rs and mix e d fib e r 
fabrics ar e us e ful e mbodiments for incontin e nt garm e nts. Also, oth e r modifications of th e 
charact e ristics of th e s e fib e rs and fabrics beyond that of adding anti microbial agents, including 
th e addition of agents to incr e as e or d e cr e as e hydrophobicity, ar e us e ful in vi e w of th e r e p e at e d 
wetting s and th e n ee d for fr e qu e nt cl e anings and washings. In addition, anti odor additiv e s may 
b e particularly us e ful in this application in light of this fr e qu e ncy of cl e aning, as w e ll as th e 
wetting with urin e . Thu s , th e s e anti microbial mat e rials, garments and articl e s significantly 
r e duc e th e growth of mold, mild e w, and bacteria in hom e and institutional e nvironm e nts. 
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[0251] Garments for incontin e nt p e rsons ar e mad e of anti microbial fibers designed to us e 

inorganic silv e r containing compounds that ar e int e grat e d into th e polymers that are used to mak e 
th e se anti microbial fib e rs. How e v e r, other m e tals (such as copp e r, potassium, magnesium, and 
calcium) can be us e d as anti microbial ag e nts. In addition, mixtur e s of diff e r e nt m e tal containing 
anti microbial ag e nts in diff e ring conc e ntrations can be us e d that r e sult in hybrid agents tailor e d 
for sp e cific tasks. 

[0252] Such garments may b e knitt e d or wov e n and includ e und e rw e ar, pajamas, lin e ns, 

disposabl e diap e rs, and th e lik e . 

[0253] On e typ e of such garm e nt of the pr e s e nt invention is shown in FIG. 7 in which th e r e is 

a garm e nt 3 4 which carries a removabl e lin e r ass e mbly 36 which is detachably s e cur e d within th e 
garment. Th e lin e r ass e mbly includ e s an outer layer 33 which contacts th e skin of a wear e r 44 
around the buttocks and crotch ar e a. This lay e r is mad e to b e smooth and soft so as to b e 
comfortabl e for th e wear e r e v e n wh e n fluids such as urin e contact this lay e r and pass 
th e r e through. Th e re is a wick lay e r 35 which chang e s color wh e n it is w e t so that att e ndants can 
s ee from a distanc e that a wear e r is w e t and n ee ds to r e c e iv e som e att e ntion, such as th e changing 
of th e lin e r a s s e mbly. B e yond th e lay e r 35 is an absorb e nt lay e r 31 form e d of a mass of fib e rs. 
Th e r e is an inn e r lay e r 37 which is imp e rviou s to fluids so that th e fluids such as urine do not w e t 
and/or stain the out e r lay e r of clothing. Th e lin e r ass e mbly 36 is h e ld tog e ther by soft fib e r 
conn e ctors 3 8 . Th e lin e r its e lf may b e removably attach e d to th e basic garment with V e lcro so 
that it is e asily r e movabl e and changed. 

[025 4 ] The lin e rs 36 may b e construct e d to b e washabl e s o that they can b o reus e d, or can b e 

made to b e disposabl e . Th e garm e nt has a belt 4 2 for holding the garm e nt in plac e . 

[0255] Th e out e r lay e r 33 is mad e of anti microbial fib e r of the typ e d e scribed in furth e r 

d e tail b e low so that th e r e i s prot e ction from microb e s and fungus which caus e s infection and 
odors. 

[0256] Lay e r 33 is mad e to be a porous fib e r mat e rial which will draw any moistur e from th e 

w e ar e r by wick action away from th e w e ar e r's skin and into th e absorb e nt lin e r. Sinc e th e lay e r 
33 is always against th e w e ar e r's skin and at l e ast at tim e s is wot from urine, ther e is th e risk of 
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inf e ction which, with th e pr e s e nt inv e ntion is prev e nted, du e to th e lay e r 33 b e ing constructed of 
anti microbial fib e rs, th e construction of which i s describ e d in mor e d e tail abov e . 

[0257] The absorbent mat e rial 31 of th e lin e r 36 may also b e mad e of non woven fibrous 

mat e rial which is also anti microbial if d e sir e d. 

[025 8 ] Anti microbial fib e rs may b e mad e into oth e r products int e nd e d for incontin e nt 

p e rsons, such as b e d linens, and b e d packs which ar e used to pr e v e nt b e d sor e s in p e rson s who ar e 
confin e d to b e d for e xt e nd e d p e riods of tim e . Such products provid e a first lin e of attack against 
problems caused by microb e s es p e cially when us e d in all ar e as of th e products which com e into 
contact with a p e rson's skin. 

[0259] High e r loading of th e anti microbial agents (up to 5 tim e s) is us e d to mor e e ff e ctiv e ly 

act against fungi. This high e r loading may b e achi e v e d by using various z e olit e s follow e d by 
h e ating th e fib e r polym e r, e .g. PET, to b e tw ee n 180 and 228 d e gr ee s Fahrenh e it in hot wat e r 
which allows furth e r m e tal loading or ion e xchange to replac e r e sid e nt m e tal ions with anoth e r 
ion or mixture of ions. In addition, this would allow the zeolit e at or n e ar th e surfac e of th e fib e r 
to be pr e f e r e ntially load e d with th e m e tal ion or mixture s th e r e of that has th e d e sir e d biological 
e ff e ct. Th e se m e thods ar e particularly us e ful in r e ducing costs wh e n exp e nsiv e m e tal ions, such 
as silv e r, ar e us e d in th e s e proc e ss e s. Also, by adding c e rtain m e tals, e .g. silv e r, at this point in 
th e proc e ss and not having it pr e s e nt during th e high t e mp e ratur e fiber e xtrusion process, any 
y e llowing or discoloration du e to oxidation of th e m e tal ion or its e xposur e to sulfur and halog e ns 
would b e greatly reduced. 

AIR FILTERS 

[0260] Air filters for HVAC systems, air conditioning systems, car and airplane cabin systems 
as disclosed, for example, in Serial No. 60/172,285 filed December 17, 1999, the contents of 
which are incorporated herein below, in which filters and filter materials are made of anti- 
microbial fibers for a variety of filter applications in which it is necessary or desirable to reduce 
bacterial and fungal growth and their resultant odor. Specifically, in vehicles, such as 
automobiles, the air filters and attached air conditioning units are the source of musty smells 
associated with the seeding and growth of bacteria, fungi, mold, and mildew. Because of the 
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recirculation of outside and air-conditioned air through these filters, very favorable conditions 
exist for the growth of bacteria, fungi, and other microbes. Also in aircraft cabins, the air filters 
have the same beneficial results. An anti-microbial filter is made of fiber, which comprises 
various thermoplastic polymers and additives in a mono-component or bi-component form in 
either a core-sheath or side-by-side configurations. The anti-microbial synthetic fibers can 
comprise inorganic anti-microbial additives, distributed only in certain areas in order to reduce 
the amount of the anti-microbial agents being used, and therefore the cost of such fibers. The 
anti-microbial additives used in the synthetic fibers do not wash off over time because they are 
integrally incorporated into these fibers, thus their effectiveness is increased and prolonged. The 
anti-microbial synthetic fibers comprise high tenacity polymers (e.g. PET) in one component and 
hydrolysis resistance polymers (e.g. PCT) in another component. The hydrophilic and anti- 
microbial additives provide a hydrolysis-resistant surface. The anti-microbial synthetic fibers can 
further be blended with non-anti-microbial fibers such as cotton, wool, polyester, acrylic, nylon 
etc. to provide anti-microbial finished filters that are able to withstand significant wear and 
washings and while maintaining their effectiveness. 

[0261] The present invention provides filters based on anti-microbial fibers that have been 
designed using inorganic silver-containing compounds that allow the formation of both mono- 
and multi-component polymeric fibers having these anti-microbial agents intermixed within the 
polymer during fiber formation. The concentration of the anti-microbial agent can be varied 
within each individual fiber as a gradient using mixing strategies and also from fiber to fiber. The 
concentration of anti-microbial agent within a fabric or material made from these anti-microbial 
fibers can also be varied regionally using fibers containing varying amounts of anti-microbial 
agents in conjunction with both natural and synthetic fibers having different amounts of anti- 
microbial agents or even no added anti-microbial agents. A variety of other agents can be added, 
either by mixing or topically, to color the fibers and/or to make it resistant to staining, fire, and 
ultraviolet (UV) light as well as altering its water absorbing qualities. Various polymers, without 
limitation, can be used to form these fibers. In the context of this invention, anti-microbial refers, 
but is not limited, to antibacterial and anti-fungal. 
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[0262] The amount of time people spend in their vehicles has been increasing over the last 20 
years. The passenger compartment of these vehicles is an extension of people's personal space. 
The desired quality of the air in that space increasingly reflects peoples' desire to be protected 
from airborne particles and odors, and bacteria. Such vehicles include pick-up trucks, SUVs, 
recreational vehicles, buses, over-the-road trucks, and the like. 

[0263] Anti-microbial fibers can be used to make filter materials for a variety of applications 
in which it is necessary or desirable to reduce bacterial and fungal growth and their resultant odor. 

[0264] Specifically, the built in or attached air conditioning units for over the road vehicles 
are a source of musty smells associated with the seeding and growth of bacteria, fungi, mold, and 
mildew on the evaporator and or heater cores and housings. These areas, by their nature, collect 
dust, dirt, bacteria, mold spores, etc. in an environment that contains the moisture, temperature, 
and shielding from direct sunlight necessary to promote growth of these organisms. 

[0265] A filter containing permanent anti-microbial fibers, described herein, could be placed 
in the outside make-up air and /or recirculated air streams to kill the spores and cells trapped by 
the filter. This would reduce or eliminate the odors associated with growing and reproducing 
organism. 

[0266] The permanent nature of the anti-microbial fibers in the filter is necessary based on the 
environment of operation and desired replacement life. The filters are subjected to moisture from 
entrained water from the blower fan inlet (rain, or wash water) as well as condensation of 
moisture when the air conditioning system is in operation. Further, the vehicle owners, and 
vehicle design engineers, want a filter that has at least a one year life. Both conditions can be 
overcome with permanently anti-microbial fibers described herein. 

[0267] Such anti-microbial fiber-containing filters are useful in reducing the build-up of 
biological materials and films on the filters themselves and the associated air conditioning units. 
Thus, they would also be less likely to impart undesirable odors to the interior of the vehicles. 

[0268] In manufacturing these materials, any of the embodiments described above could be 
used. Both the strength and resiliency of these materials is important given that they are used in 
continuously circulating air streams and are subject to the pressures characteristic of filtering 
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processes. Any number of filter shape designs could be used as appropriate. In some instances, 
round filters would be appropriate whereas in other instances pleated or other shape filters would 
be appropriate, all depending on the pressure, volume characteristics of the air flow and available 
space. Thus, both bi-component fibers and mixed fiber fabrics are useful embodiments for 
vehicle and aircraft cabin air filters. Also, other modifications of the characteristics of these 
fibers and fabrics beyond that of adding anti-microbial agents, including the addition of agents to 
increase or decrease hydrophobicity, would be useful. In addition, anti-odor additives may be 
particularly useful in this application given the use in connection with air conditioners. 

[0269] Thus, these anti-microbial materials that are manufactured to be used in vehicle and 
aircraft cabin air filters will then significantly reduce the growth of mold, mildew, and bacteria. 
By achieving this goal, odors associated with the long-term use of these filter materials will be 
reduced. This will also then result in a significant costs savings in the operation of air 
recirculation systems in automobiles. 

[0270] Filters for vehicle and aircraft cabins are, according to the invention, made of anti- 
microbial fibers which use inorganic silver-containing compounds that are integrated into the 
polymers that are used to make these anti-microbial fibers. Such a filter is shown 
diagrammatically in FIG. 78. The example shown in a typical progressive filter which has three 
layers. There is a support layer 44, then a filtration layer 42 made with anti-microbial fibers and 
then a prefilter layer 40 also made with anti-microbial fibers. 

[0271] The relatively small size of the silver-containing zeolite compounds (2 microns and 
less) that are used in the manufacturing of the fibers allow these anti-microbial agents to be 
incorporated into fibers instead of being applied to them. For example, a bi-component fiber is 
made with the sheath having a thickness which is properly related to the cubic size of the zeolite 
particles. Zeolite particles have a one micron cube size would be placed into a sheath having a 
two micron thickness. Thus, because these anti-microbial agents are an integral part of the fiber, 
they are not washed or easily abraded away and the finished articles, in the present case, filters, 
manufactured from them are able to withstand significant wear and multiple washings while 
maintaining their anti-microbial effectiveness (for those filters which are washed). In the case of 



Paa* 47 nf 



Atty. Docket No.: 6080-P39DIV4 



filters which are thrown away when they start to become clogged with filtered material (air borne 
particles and the like) the resistance to washings is not an important factor. 

[0272] FIG. 89A shows a system of filter usage for an occupancy zone where air is removed 
via valve VI through a pump or compressor P passed through a filter canister F (or other 
container) and a heating or cooling exchanger (HVAC) and returned to the occupancy zone via 
valve V2. The system can also handle outside air via a valve V3. 

[0273] The canister has a removable anti-microbial filter screen F (with a frame, not shown) 
removable for exchange or regeneration of anti-microbial effectiveness from time to time. 

[0274] Another form of filter is shown in FIG, 89B as filter canister FC with vanes V 
defining a tortuous path, the vanes being lined with anti-microbial screening material F ? 

[0275] FIG. 89C shows another form of canister as a tube FC" lined with such filter material 
F" and FIG. 89D shows a canister FC" with a loose array of filter material F" (similar to a 
scouring pad). 

WOUND CARE DRESSINGS AND BURN DRESSINGS 

[0276] Wound car e dr e ssings and burn dr e ssings mad e of fib e rs as disclos e d, for e xampl e , in 

S e rial No. 60/172,533 fil e d D e c e mber 17, 1999, th e cont e nts of which ar e physically incorporat e d 
h e r e in b e low in which an anti microbial wound car e dr e s s ing or burn dr e ssing is mad e of fib e r 
such as various th e rmoplastic polym e rs and additiv e s in a mono compon e nt or bi compon e nt 
form in e ith e r a cor e sh e ath or sid e by - sid e configurations. Th e anti microbial synth e tic fib e rs 
can compris e inorganic anti - microbial additiv e s, distribut e d only in c e rtain ar e a s in ord e r to 
r e duc e th e amount of th e anti microbial ag e nts b e ing us e d, and th e r e for e th e cost of such fib e rs. 
Th e anti microbial additiv e s us e d in th e synth e tic fib e rs do not wash off ov e r tim e b e caus e they 
ar e integrally incorporat e d into th e s e fibers, thu s th e ir effectiv e n e ss is incr e as e d and prolong e d. 
Th e anti microbial synth e tic fibers compris e high t e nacity polym e r s (e.g. PET) in one compon e nt 
and a hydrolysis r e sistanc e polymer, FCT, in anoth e r component. Th e hydrophilic and anti 
microbial additiv e s provide a hydrolysis r e sistant surfac e with good abrasion r e sistanc e . Th e 
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anti - microbial synthetic fib e rs can furth e r be bl e nded with non anti - microbial fib e rs such as 
cotton, wool, poly e ster, acrylic, nylon e tc, to provide anti microbial finished wound car e 
dr e ssings and burn dressings that ar e abl e to withstand significant w e ar and any washings th e y 
may b e giv e n (if th e washabl e typ e ) and whil e maintaining th e ir e ff e ctiven e ss. 

[0277] Wound car e dr e ssings may b e mad e with anti - microbial fib e rs us e d to mak e various 

mat e rials for a vari e ty of applications in which it is n e c e ssary or desirabl e to r e duc e bact e rial and 
fungal growth. B e caus e thes e dr e ssings must b e fr e qu e ntly chang e d and th e wound e xpos e d to 
pathog e ns during this changing proc e ss, th e addition of anti microbial ag e nts to th e wound car e 
dr e ssing helps to r e duc e th e growth of th e s e pathog e ns. 

[027 8 ] As a r es ult of th e above, the us e of anti microbial fib e rs in th e manufactur e of wound 

car e dr e ssings provid es a practical m e dical articl e . Th e s e anti microbial fiber containing 
dr e ssings ar e us e ful in r e ducing th e growth of bact e ria, fungi, and oth e r microbes that can b e 
introduced from th e e nvironm e nt during th e changing of dr e ssings and whil e performing other 
manipulations, thus r e ducing and pr e venting inf e ctions g e n e rally. Sp e cifically, th e anti 
microbial fib e r containing fabrics could b e us e d in both th e cov e ring fabric and th e wat e r 
absorb e nt int e rior material. In this way, both surfac e and int e rior prot e ction could b e achi e v e d. 
In addition, th e s e mat e rials could, if d e sir e d, be mad e to b e r e usable b e cause the anti microbial 
e ff e ct of th e fib e rs of thi s inv e ntion ar e r e sistant to multipl e washings. Thus, a significant cost 
savings could be r e aliz e d in th e purchasing of suppli e s in hospitals and nursing homes as w e ll as 
in th e economics of individual hous e holds. 

[0279] In manufacturing th e s e mat e rials, any of th e e mbodim e nts of fib e rs describ e d abov e 

could b e us e d. Both th e str e ngth and r e sili e ncy of th e s e mat e rials is important in that th e y must 
withstand normal pati e nt movement and manipulation by health car e work e rs. Thus, both bi 
component fib e rs and mix e d fib e r fabrics ar e us e ful e mbodim e nts for wound car e dr e ssings. 
Also, oth e r modifications of th e charact e ristics of th e s e fib e rs and fabrics beyond that of adding 
anti - microbial ag e nts, including th e addition of ag e nts to incr e as e or d e cr e as e hydrophobicity, 
would b e useful in manufacturing sturdy dr e ssings. In addition, anti odor additiv e s may b e us e ful 
in this application giv e n the exposure of th e dr e ssing to various tissu e e xudat e s. Thus, thes e anti 



Paae. 4Q of 



Atty. Docket No.: 6080-P39DIV4 



microbial materials would th e n significantly r e duc e tho growth of mold, mild e w, and bact e ria in 
wound car e dr e ssings. 

[02 8 0] Burn dr e ssings may b e mad e with anti microbial fib e rs to mak e various mat e rials for a 

vari e ty of applications in which it is n e c e ssary or d e sirabl e to r e duc e bact e rial and fungal growth. 
Becaus e th e s e dr e ssings must b e frequently chang e d and th e bum e xpos e d to pathogens during 
this changing process, th e addition of anti microbial ag e nts to th e burn dr es sing would h e lp to 
r e duc e th e growth of th ese pathog e ns. 

[02 8 1] As a r e sult of th e abov e , th e us e of anti microbial fib e rs in th e manufactur e of burn 

dr e s s ings is a desirabl e goal. Th e s e anti microbial fib e r containing dr es sings ar e us e ful in 
r e ducing th e growth of bact e ria, fungi, and oth e r microbes that can b e introduced from th e 
e nvironm e nt during th e changing of dr e ssings and whil e p e rforming oth e r manipulations, thus 
r e ducing and prev e nting inf e ctions gen e rally. Sp e cifically, the anti microbial fib e r containing 
fabrics can b e us e d in both th e cov e ring fabric and th e wat e r absorb e nt int e rior mat e rial. In this 
way, both surfac e and int e rior prot e ction may b e achiev e d. In addition, th e s e mat e rials can b e 
mad e to b e r e usabl e b e caus e the anti - microbial e ff e ct of th e fib e rs of this inv e ntion are r e sistant to 
multiple washings. Thus, a significant cost savings could b e r e aliz e d in th e purchasing of 
suppli e s in hospitals and nursing homos as well as in th e e conomics of individual hous e holds. 

[02 8 2] FIG. 10 shows a wound car e or burn dr e ssing 2 4 which includ e s a bottom lay e r 18, a 

top lay e r 20 and an int e rm e diat e absorb e nt fibrous lay e r 22 which joins th e oth e r two lay e rs. Th e 
bottom lay e r 1 8 is us e d dir e ctly against th e wound or burn and th e r e for e th e fib e rs of this lay e r 
hav e th e anti microbial ag e nt appli e d th e r e to as d e scrib e d b e low. 

[02 8 3] In manufacturing th e s e materials, any of th e e mbodim e nts of fib e r d e scribed abov e 

can b e us e d. Both th e str e ngth and r e sili e ncy of thes e mat e rials is important given that th e y must 
withstand normal pati e nt mov e ment and manipulation by h e alth car e workers. Thus, both bi 
compon e nt fib e rs and mix e d fib e r fabric s ar e us e ful e mbodiments of burn dr e ssings. Also, oth e r 
modifications of th e charact e ristics of th e s e fibers and fabrics b e yond that of adding anti 
microbial ag e nts, including th e addition of agents to incr e as e or d e creas e hydrophobic^, would 
b e useful in manufacturing sturdy dr e s s ings. In addition, anti odor additiv e s may b e us e ful in this 
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application giv e n th e e xposur e of th e dre s sing to variou s tissue e xudat e s. Thus, th e s e anti 
microbial mat e rials would th e n significantly reduc e th e growth of mold, mild e w, and bact e ria in 
burn dr e ssings. 

FABRIC 

[0284] Fiber and fabric which are color-fast and which can be for pastel shade fabric, as 
disclosed, for example, in Serial No. 60/180,536 filed February 7, 2000, the contents of which are 
physically incorporated herein below, in which PETG which is an amorphous binder fiber is used 
and is blended into yarns with other fibers to form fabrics, as well as knits and non- woven fabrics. 
After heat activation, the PETG fiber melts, wets the surface of the surrounding fibers, and settles 
at the crossing points of the fibers, thus forming M a drop of glue" which bonds the fibers together. 
PETG is also used to carry pigments and/or anti-microbial additives to the fibers, distribute the 
pigment and/or anti-microbial additives on the surface of the surrounding fibers, and achieve 
certain colors without the need to dye the fibers and natural fabrics having anti-microbial 
qualities. This invention presents a method for making a pastel shade fabric and/or nature fabrics 
having anti-microbial activities by using PETG as a carrier for pigments and anti-microbial 
additives, blending them with cotton or any other fibers, activating and melting PETG from 110° 
to 140°C, and leaving the encapsulated pigment and anti-microbial additives on the fibers. The 
final pastel shade fabric having an excellent fastness for both sunlight resistance and washing 
without the need of going through a dye bath, and has the color remain fast for in excess of 100 
commercial launderings. If the pastel shade fabric is made by blending PETG and pigments with 
cotton, after the activation of PETG, the final product can still be labeled as 100% cotton fibers. 
Thus, the present invention provides a fiber, yarn and/or fabric construction. There is a method 
for making a fiber blend which includes mixing a polyester polymer, characterized by a low 
melting temperature and having binder qualities, with an additive for providing desired 
characteristics to a finished fiber. The mixture is heated and extruded to form a continuous 
filament. The continuous filament fiber is cut to form a cut filament fiber. The cut filament fiber 
is blended with a natural fiber to form a fiber blend. The fiber blend is heated to a temperature in 
the melting temperature range of said polyester polymer for a sufficient period of time to melt the 
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low melting temperature polyester polymer and wet the natural fiber and provide such natural 
fiber with the additive firmly attached thereto. The polyester polymer may be PETG. After the 
fiber is prepared it may be spun to make a yarn and the yarn may be made into a fabric. The 
heating step can take place after the yarn is made into a fabric. The additive may be a colorant, an 
anti-microbial agent, a fire retarding agent, or another agent which adds properties to the fiber or 
yarn or fabric. There is another method for making a fiber, which includes mixing a polyester 
polymer, characterized by a low melting temperature and having binder qualities, with an additive 
for providing desired characteristics to a finished fiber, heating the mixture and extruding it to 
form a continuous filament. Another polymer is heated and extruded to form a continuous 
filament. The extruding steps form a bi-component fiber with the mixture forming the sheath and 
the other polymer forming the core. The sheath is heated to a temperature in the melting 
temperature range of the polyester polymer for a sufficient period of time to melt the low melting 
temperature polyester polymer and wet the core fiber and provide the core fiber with the additive 
firmly attached thereto. 

[0285] The fabric invention provides a unique way to use polymers such as PETG to carry 
and deliver pigments and/or anti-microbial or other additives to a natural fiber, such as cotton, 
wool, and the like, and generate a final pastel shade fabric without losing the natural fiber's 
characteristics and/or natural fabric having anti-microbial properties. 

[0286] PETG is used as a carrier for pigments, such as carbon black, phthalo blue, and the 
like. It is mixed with other fibers, such as natural fibers, to form a blend, and then the blend is 
heated, to a temperature of around 140° C. (the PETG can be modified to melt between 90 and 
160°C) either as a separate heating step or during a processing step which includes heating to 
about temperature. PETG has a melting temperature of around 140° C (and is available from 90 
to 160°C.) and it melts and flows along the fibers with which it is blended. It acts as a binder- 
carrier in that it forms nodes of color (when a colorant is used) with many points so it looks like a 
solid color. This provides it with a pastel look. By controlling the amount of colorant added to 
the PETG there is controllable color values which include pastel shading. PETG has superior 
wetting ability and therefore it spreads evenly along the other fibers with which it is blended. 
There are also nodes formed at the intersecting fibers in the blend and there are held together by 
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this characteristic of the PETG. Also, the amount of PETG can be controlled to be small 
quantities with respect to the other fibers in the blend. Thus, when blended with cotton in this 
manner, such a blend may properly be characterized as "all cotton" having color and/or anti- 
microbial (or other) agents, which have been added by the PETG. 

[0287] This can be accomplished in more than one manner. One method is shown in FIG. 
944 in which the PETG and colorant pellets are mixed together, after which they are heated to 
melt and are then extruded to form a PETG fiber with the colorant in it. The PETG is then 
blended with a natural fiber, such as cotton, to form a blend, which will have the color of the 
colorant, which the PETG fiber takes on as its color. The cotton is white so that the color taken 
on is a pastel color. If the colorant is black, then the blend becomes a shade of gray. If desired 
other fibers can be blended with the PETG fibers, such as silk, flax, polypropylene, polyethylene, 
wool, polyester, acrylic, nylon, PTT, 3GT, rayon, modified rayon, and acetate. 

[0288] The PETG is then activated by heating it as a temperature of from about 1 10° to about 
140°. This melts the PETG without harming the fibers with which it has been blended. The 
PETG carrier melts and wicks along the other fibers, that is the cotton or other base fibers, 
forming small nodes, but it does not ball up as some polymers do and provides "a drop of glue" 
(small) to bind the fibers together and leaves behind the encapsulated pigment in the fibers. 

[0289] This fiber blend is then used to form a yarn with in turn is used to form a fabric. The 
resulting fabric is a pastel shade fabric without the need of going through a dye bath, and has 
excellent color fastness from both sunlight and washing. The color is a pastel since there are 
many tiny drops of the colorant which looks like a solid color to an observer. The color remains 
fast for in excess of 100 commercial launderings. Since the PETG carrier melted after activation, 
the blended fibers such as cotton are still considered to be 100% cotton fiber. 

[0290] FIG. lOii shows a method similar to that shown in FIG. 944. However, in this 
process the blended fiber is made into a yarn and the yarn is made into a fabric before the PETG 
is activated by heating. This heating may be a separate heating step or may take place during the 
processing of the fabric which may include a heating step for other reasons. 
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[0291] The present invention may also be used to provide anti-microbial fibers by using 
PETG as a carrier for anti-microbial additives. Again the PETG and the anti-microbial pellets 
may be melted together to form a melt which is extruded to create a continuous filament which is 
then cut to appropriate size and is then further blended with natural or other fibers to provide an 
anti-microbial finished yarn which may be made into an anti-microbial fabric that is able to 
withstand significant wear and washings and maintain their effectiveness. The anti-microbial 
additives are inorganic compounds made from metals such as copper, tin, zinc, silver, and the 
like. The preferred compound is a zeolite of silver which may be dispersed in PE, PET, or PBT 
before being added to the fiber. The additives can be added directly to the primary polymer with 
pre-dispersion. The total active ingredients range from 0.1 to 20% by fiber weight. Other 
inorganic metals such as tin, copper and zinc work also, but not as well as zeolite of silver. 

[0292] The PETG polymers with anti-microbial additives can be blended with natural fibers 
such as cotton, silk, flax, and wool, or synthetic fibers such as polyester, polypropylene, 
polyethylene, acrylic, nylon, PTT, 3GT, rayon, modified rayon, and acetate to make anti- 
microbial finished fabrics that are able to withstand significant wear and washings and maintain 
their effectiveness. 

[0293] A typical example is a fiber using the PETG polymer with the zeolite contained silver 
additive blended with cotton up to 10% by weight to produce a bed sheet. The binder fiber is 
activated during the drying cycle of the final bleaching operation or other heat operation. The 
PETG melts and wets the surface of the cotton fibers to carry the anti-microbial characteristics to 
the entire sheet with an added benefit of increasing strength and reducing pilling. 

[0294] The fiber size ranges from 0.7 dTex to 25 dTex and a staple length of 1.0 mm to 180 
mm. A continuous filament yarn can also be produced that can be used in a wrap spun 
application whereby fibers are spun around the anti-microbial filament. 

[0295] The anti-microbial product withstands more than 50 commercial washings at 80° C. It 
is immune to UV exposure of at least 225 kj. It possesses excellent abrasion resistance and is 
unaffected by tests such as Tabor or Wyzenbeek. It is not affected by at least 50 dry cleanings. 
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[0296] FIG. 1142 is another flow diagram for an arrangement, which provides a bi- 
component fiber with a PET core and a PETG sheath containing a desired additive, such as 
pigment and/or an anti-microbial agent. The PETG and the colorant pellets are placed into a first 
extruder and PET pellets are placed into a second extruder. Both are heated sufficiently so that 
the extruders cause the melts to flow to a single spinneret in which the PET is made into the core 
and the PETG is made into the sheath. In the fiber state, or in a more finished yarn state, or in an 
even further finished woven or nonwoven fabric state, the fibers are subjected to heat in the 
vicinity of 140° C. which melts the PETG without harming the PET which has a higher melting 
point. This heating step provides the benefits of the present invention as discussed above. 



FOOTWEAR COMPONENTS 

[0297] Footw e ar compon e nts as disclos e d, for e xampl e , in p e nding provisional application 

S e rial No. 60/181,251 fil e d F e bruary 9, 2000, th e cont e nts of which ar e physically incorporat e d 
h e r e in below, in which th e footw e ar compon e nts provid e s e v e ral e mbodim e nts of anti microbial 
and/or anti fungal footw e ar products. Th e footw e ar compon e nts such as insol es , midsol e s, box 
to e s, count e r and linings of footw e ar products, e.g., sho e s, slipp e rs, sn e ak e rs and th e lik e ar e 
provid e d in which th e anti microbial ag e nt is availabl e for th e lif e of th e product and not wash e d 
away or worn away by sw e at or abrasion. Also, th e anti microbial agent is plac e d into th e 
compon e nt clos e to or on th e surfac e which is most n ee dy of th e prot e ction, such as th e part of an 
insol e clos e st to th e foot of a us e r wh e n th e insol e , or oth e r compon e nt i s a s s e mbl e d into a 
footw e ar product. Thus, th e fungi or microb es which may form and creat e odors or oth e r 
probl e ms ar e kill e d on contact with th e surfac e of the sho e component anti microbial surfac e ar e a. 
Th e footw e ar compon e nts can be a nonwov e n fabric of synth e tic fib e rs, primarily poly e st e r, but 
which could b e acrylic, nylon, rayon, ac e tat e , PP, and th e lik e . Th e fabric can hav e a w e ight from 
65 4 00 grams p e r squar e m e t e r and typical fib e rs rang e from 1.2 dT e x to 7 dT e x with a cut length 
of 25 76 mm. Th e y ar e card e d, cross lapp e d and n ee dl e punched, but could b e produc e d on oth e r 
typ e s of nonwov e n e quipm e nt, such as spun lac e d or spun bond e d e quipm e nt. The impr e gnation 
is a lat e x of SBR, vinyl ac e tat e , PVC, acrylonitril e , and th e lik e . Impr e gnation is from 1 4 tim e s 
th e w e ight of th e nonwov e n fabric on a dry basis. A rang e of fillers such as clay, calcium 
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carbonat e , and the lik e ar e us e d to r e duc e the cost. Th e r e ar e two basic m e thods. On e is to mix 
th e anti microbial with lat e x compound and impr e gnat e it into th e insol e . Th e oth e r is to us e anti 
microbial fib e r s on th e insol e in various mann e r s . 

[029 8 ] Th e footw e ar compon e nt s are provid e d by s e v e ral embodim e nt s d e scrib e d h e r e in but 

may b e practic e d using oth e r e mbodim e nts. Th e r e is d e scrib e d b e low, a first e mbodim e nt of a 
single lay e r of latex, and a s e cond e mbodim e nt of a main s upport lay e r and a fib e r lay e r attach e d 
th e r e to. 

[0299] Th e for e going obj e cts ar e m e t by footw e ar compon e nt s such as insol e s, midsol e s, box 

to e s, count e r and lining s of footw e ar products, e .g., sho e s, slipp e rs and sn e akers in which th e anti 
microbial agent is availabl e for th e lif e of th e product and not wa s h e d away or worn away by 
sw e at or abrasion. Also, th e anti microbial ag e nt is plac e d into th e compon e nt clos e to or on the 
surface which is most n ee dy of th e prot e ction, such as th e part of an insol e clos e st to th e foot of a 
us e r wh e n the insol e , or oth e r compon e nt is ass e mbl e d into a footw e ar product. Thus, th e fungi 
or microb e s which may form and cr e at e odors or oth e r probl e ms ar e kill e d on contact with th e 
surfac e of th e sho e compon e nt anti microbial surfac e ar e a. 

[0300] Th e footw e ar compon e nt can b e a nonwov e n fabric of synth e tic fib e rs, primarily 

poly e st e r, but which could b e acrylic, nylon, rayon, ac e tat e , PP, and th e lik e . Th e fabric can hav e 
a w e ight from 65 4 00 grams p e r squar e m e t e r and typical fib e rs range from 1.2 dTex to 17dTEx 
with a out l e ngth of 15 180 mm. They ar e card e d, cro s s lapped and ne e dl e punch e d, but could b e 
produced on oth e r typ e s of nonwoven e quipm e nt, such as spun lac e d or spun bond e d e quipm e nt. 

[0301] Th e impr e gnation is a lat e x of SBR, vinyl acetat e , PVC, acrylonitrilo, and th e lik e . 

Impr e gnation is from 1 4 tim es th e w e ight of th e nonwov e n fabric on a dry basis. A rang e of 
fill e rs such as clay, calcium carbonat e , and th e lik e ar e us e d to r e duc e th e cost. Th e r e ar e two 
basic m e thods. On e is to mix th e anti microbial with lat e x compound and impr e gnate it into th e 
insol e . Th e other is to us e anti - microbial fibers on th e insol e in variou s mann e rs. 

[0302] An e mbodim e nt of a nonwov e n fabric impr e gnat e d with lat e x is shown in FIG. 1 4 in 

which th e r e is an insol e 5 4 having a to e portion 56 and a mid sol e portion 5 8 and a hool portion 60 
all in a singl e pi e c e construction. It i s a s uitabl e fabric which is th e n impr e gnat e d with lat e x to 
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provid e cushioning for w e ar e r comfort. Th e anti microbial, in this cas e z e olit e of silv e r is mix e d 
with th e latex prior to impr e gnating th e insol e . 

[03031 FIG. 15 is anoth e r arrang e m e nt wh e r e in a s upport and cushioning lay e r 62 is provid e d 

and which may bo any of a numb e r of materials which ar e us e d for insol e s, but pr e f e rably on e 
which of a nonwov e n mat e rial. A fib e r layer 6 4 mad e of fib e rs which hav e th e anti microbial 
ag e nt dispos e d therein is attach e d to cushioning and support layer 62 by any suitabl e means. In 
this arrang e m e nt z e olite of silv e r is th e anti - microbial ag e nt. This can include an adhesive, but 
could also b e accomplish e d by making th e support lay e r of a polym e r which is al s o us e d for som e 
of th e fib e rs and th e fiber lay e r 6 4 is attach e d to th e support lay e r 62 as th e support lay e r is fir s t 
d e liv e r e d aft e r b e ing pr e par e d and still r e tains th e h e at of pr e paration wh e r e by the common 
polym e r is hot e nough to partially m e lt and th e n b e com e bond e d tog e th e r. 

[0304] Som e anti microbial ag e nt s ar e also anti fungal ag e nt s . Wh e n agents do not p e rform 

both functions, a s e cond ag e nt will usually b e us e d. 

{0305] The choic e of particl e siz e of th e z e olit e i s bas e d on the thickn e ss of th e lay e r carrying 

it to obtain th e b e st combination of surfac e ar e a with anchoring in the lay e r. For e xampl e , a v e ry 
thin lay e r of 3m would b e b e st s e rv e d with a 1 2m z e olit e , which would have a maximum 
dim e n s ion of 2 x 1.73 or about 3.5m. 

[0306] Th e inn e r lay e r(s) could b e mad e of basically any th e rmoplastic r e sin, such a s ; PE, PP, 

PET, PS, PCT, Polyamide (nylon), Acrylic, PVC, etc. The surface lay e r(s) could b e mad e of th e 
sam e polymers plus som e low t e mp e ratur e on es such as PETG, Polycaprolacton e , EVA, e tc. 

[0307] It is pr e f e rable to hav e th e lay e r clo se st to a w e ar e r's foot hav e th e anti - microbial 

and/or anti fungal ag e nt and b e porous to p e rspiration to absorb p e rspiration. 

[0308] In th e e vent a support lay e r i s us e d which is not fibrous, it is cover e d with a nonwov e n 

fabric, th e fib e rs of which hav e th e anti microbial agent therein. Such a layer can bo thinn e r than 
th e s upport lay e r. How e v e r, it is usually best if th e lay e rs used allow p e rspiration to b e carri e d 
away from th e w e ar e r' s foot for both comfort and h e alth r e asons. 
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{0309] Th e anti microbial particl e s ar e bond e d into th e s urfac e lay e r and remain th e r e for th e 

lif e of th e mat e rial and provide anti microbial prop e rti e s for th e e ntir e tim e . 

[0310] It is advantag e ous to hav e the anti microbial ag e nt only at the s urfac e since this is th e 

only ar e a which comos into contact with microb es and fungi, and to hav e th e ag e nt locat e d in 
oth e r plac e s is wast e ful. 

[0311] Anti microbial fib e rs can be us e d to make th e footw e ar products of th e pr e s e nt 

inv e ntion wh e r e it is n e c e ssary or d e sirabl e to r e duc e bact e rial and fungal growth and th e ir 
resultant odor. In manufacturing th e s e mat e rials, any of th e e mbodim e nts of fib e r d e scribed can 
b e us e d. Both th e str e ngth and r e sili e ncy of th e s e mat e rial s is important. Any number of shap e d 
d e signs could b e used as appropriat e . 

[0312] Also, oth e r modifications of th e charact e ristics of th e s e fib e rs and mat e rial b e yond that 

of adding anti microbial ag e nts, including th e addition of ag e nts to incr e as e or d e cr e as e 
hydrophobicity, would b e us e ful. In addition, anti odor additiv e s may b e particularly us e ful. 

[0313] Th e r e lativ e ly small siz e of th e silv e r containing z e olit e compounds (2 microns and 

l e s s ) that ar e us e d in th e manufacturing of th e fib e rs allow thes e anti microbial ag e nts to b e 
incorporat e d into fib e rs instead of b e ing appli e d to th e m. Thus, b e caus e th e s e anti microbial 
ag e nts ar e an int e gral part of th e fib e r, th e y ar e not wash e d away by p e rspiration or e asily abrad e d 
away and th e finish e d components, such as insol e s, manufactur e d from th e m ar e abl e to withstand 
significant w e ar whil e maintaining th e ir anti microbial e ff e ctiv e n e ss. 

[031 4 ] Sp e cifically, high e r loading of th e anti microbial ag e nt s (up to 5 tim e s) is us e d to mor e 

e ff e ctiv e ly act against fungi. This high e r loading may b e achi e v e d by using various z e olit e s 
follow e d by h e ating th e fib e r polym e r, e .g. PET, to b e tw ee n 180 and 228 d e gr e es Fahr e nh e it in 
hot wat e r which allows further m e tal loading or ion exchang e to r e plac e r e sident m e tal ions with 
anoth e r ion or mixtur e of ions. In addition, this would allow th e z e olit e at or n e ar th e surface of 
th e fib e r to b e pr e f e rentially loaded with th e m e tal ion or mixtur e s th e reof that has the d e sir e d 
biological effect. Th e s e m e thods ar e particularly us e ful in r e ducing costs wh e n e xp e nsiv e m e tal 
ions, such as silv e r, ar e us e d in th e s e proc e ss e s. Also, by adding c e rtain metals, e .g. silv e r, at this 
point in the process and not having it pr e sent during th e high t e mp e rature fiber extrusion proc e ss, 
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any y e llowing or discoloration du e to oxidation of th e m e tal ion or its exposure to sulfur and 
halog e ns would b e gr e atly r e duc e d. 

[0315] It is also possible to use th ese int e grat e d anti microbial compound s to mak e shoe 

compon e nts and products that hav e a varying distribution of the anti microbial ag e nt. For 
e xampl e , by varying the conc e ntration s of th e anti microbial agent during mixtur e with th e fib e r 
forming polym e rs, fibers having varying anti microbial cont e nt can b e form e d which can th e n b e 
add e d in varying amounts to form mat e rials having varying conc e ntrations of anti microbial 
ag e nts. In addition, th e amount of anti microbial pres e nt in th e fib e r its e lf can b e vari e d, eith e r 
l e ngthwis e or in cro s s s e ction. Similarly, high e r and low e r conc e ntrations of th e se anti microbial 
ag e nts in th e ov e rall fib e rs can b e achi e v e d by using multi lay e r e d sh ee ts in which, for e xampl e , 
th e anti microbial ag e nt is pr e s e nt only in an out e r lay e r s e ction, thus significantly reducing 
manufacturing and s e lling costs. Any of th e abov e manufactur e d anti microbial fibers can b e 
mix e d with fib e rs that do not contain anti - microbial ag e nts such that product s can b e mad e having 
ov e rall and localiz e d variations in conc e ntrations of anti microbial ag e nt s . 

[0316] In addition, th e fib e rs can b e mad e e ith e r hydrophilic or hydrophobic as d e sir e d by 

mixing oth e r ag e nts into th e fib e r polym e rs or applying them to th e fib e r s urfac e . By modifying 
th e w e tability charact e ristics of the fib e rs, th e y can b e mad e mor e us e ful for various applications. 
For e xampl e , hydrophilic fib e rs ar e e ff e ctiv e in application s in which on e wants th e anti 
microbial mat e rial to mor e e asily absorb wat e r, such as wh e n th e mat e rial is d e sign e d to b e us e d 
in footw e ar. Alternativ e ly, hydrophobic films or fib e rs ar e e ff e ctiv e in applications in which on e 
wants to avoid the absorption of such solutions. For e xampl e , th e insol e of th e pr e s e nt inv e ntion 
could be made with a hydrophilic ag e nt on th e upp e r surfac e which will b e n e ar e r to th e foot of 
th e w e ar e r, whil e th e low e r surfac e which will b e adjac e nt oth e r parts of th e footw e ar, could b e 
mad e with a hydrophobic to k ee p th e p e rspiration away from other parts of th e footw e ar. 



SHEET MATERIAL 

[0317] Sh ee t material as disclos e d, for e xampl e in p e nding provisional application S e rial 

60/180,2 4 0 fil e d F e bruary 4 , 2000, th e contents of which arc physically incorporat e d h e r e in 
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b e low, in which flat or shap e d sh e ets or films, including wid e sh ee ts can b e individually extrud e d 
or th e r e can b e co e xtrusion of flat or shaped films or profiles. Th e product may b e a multi lay e r 
construction with th e s urfac e lay e r, on on e or both sid e s, containing z e olit e of silv e r (or oth e r 
motal such as tin, copp e r, zinc, e tc.). Th e product may b e a flat film for us e in a flat form for 
count e r tops, floors, walls, or mold e d into shap e s such as cafeteria trays, sho e insol e s, s e rving 
dish e s, high chair tabl e , r e frig e rator trays, microwav e lin e rs, and luggag e . As a profil e th e 
e xtrusion may b e a rain gutt e r, a scr e en e nclosur e , a count e r top, hand railing, duct work, sanitary 
piping, wat e r pip e , gask e t mat e rial s around dishwash e rs, and th e lik e . Th e s am e conc e pt appli e s 
to multi lay e r inj e ction mold e d parts. In this cas e th e surfac e lay e r may have anti - microbial 
properti e s in application s such as t e l e phon e hands e ts, baby bottl e s, comput e r k e yboards, plastic 
ut e nsils, milk bottl e s, and th e lik e . Th e choic e of particl e siz e of th e z e olite is bas e d on th e 
thickn e ss of th e film to obtain th e b e st combination of s urfac e area with anchoring in th e film. 
For e xampl e , a v e ry thin film of 3^ would b e b e st s e rv e d with a 1 2\i z e olite, which would hav e a 
maximum dim e nsion of 2 x 1.73 or about 3.5(x. Th e inn e r film s could b e made of basically any 
thermoplastic rosin, such as; PE, PP, PET, PS, PCT, Polyamido (nylon), Acrylic, PVC, e tc. The 
surfac e lay e r(s) could b e mad e of th e sam e polymers plus s om e low t e mp e ratur e on e s such as 
PETG, Polycaprolacton e , EVA, and th e lik e . Anti - microbial films ar e us e d to make sh ee t 
material s for a vari e ty of applications in which it i s n e c e ssary or d es irabl e to r e duc e bact e rial and 
fungal growth and th e ir r e sultant odor. An anti microbial sh ee t mat e rial i s made of film which 
compris e s various th e rmoplastic polym e rs and additiv e s. Th e anti microbial s ynth e tic film s can 
compris e inorganic anti microbial additiv e s, di s tribut e d only in c e rtain areas in ord e r to r e duc e 
th e amount of th e anti microbial ag e nts b e ing us e d, and th e r e for e th e cost of such films. Th e anti 
microbial additiv e s us e d in th e synth e tic film do not wa s h off ov e r tim e b e caus e th e y ar e 
int e grally incorporat e d into th e s e films, thus th e ir e ffectiv e n e ss is incr e ased and prolong e d. Th e 
anti microbial synth e tic films compris e high t e nacity polym e r s ( e .g. PET) in on e compon e nt and 
hydrolysis r e sistanc e polym e rs ( e .g. PCT) in anoth e r component. Th e hydrophilio and anti 
microbial additiv e s provid e a hydrolysis resistant surfac e . If desir e d, fib e rs may b e includ e d and 
e xtrud e d. For e xampl e , such fib e rs could b e us e d to mak e th e two out e r lay e rs of the s h ee t 
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mat e rial using sh e ath/cor e arrang e m e nts so that the anti microbial ag e nt i s only pr e s e nt in th e 
sh e ath to r e duc e th e amount of anti microbial ag e nt which is us e d. 

[031 8 ] Th e pr e s e nt inv e ntion provid e s sev e ral e mbodim e nts, som e of which r e lat e to the co 

extrusion of flat or shap e d films, sh ee ts or profil e s. Th e product may b e a co e xtrud e d multi lay e r 
con s truction with th e surfac e lay e r, on on e or both sid e s, containing an inorganic anti microbial 
and/or anti fungal ag e nt. 

[0319] Th e product may b e a flat film for us e in a flat form for such us e s as count e r tops, 

floors, walls, or mold e d into shap e s such as caf e t e ria trays, s e rving dish e s, high chair tables, 
r e frig e rator trays, microwav e liners and luggag e . 

[0320] As a profil e th e e xtrusion may b e a rain gutter, a scr ee n e nclosur e , a count e r top, hand 

railing, duct work, sanitary piping , wat e r pip e , and gask e t mat e rials around dishwash e rs and 
garag e door s . 

[0321] Th e sam e conc e pt appli e s to multi lay e r injection mold e d parts. In this cas e th e 

surfac e lay e r may have anti microbial prop e rti e s in applications such as t e l e phon e handsets, baby 
bottl es , comput e r k e yboards, pla s tic ut e nsils, milk bottl e s, automotive int e rior parts, 
aircraft/bus/train s e at and trim parts, and th e lik e . 

[0322] Wh e n th e anti microbial is z e olit e of silv e r, th e choic e of particle siz e of th e z e olyt e is 

bas e d on th e thickn e ss of th e film to obtain th e b e st combination of s urfac e ar e a with anchoring in 
th e film. For e xampl e , a v e ry thin film of 3 m would b e b e st se rv e d with a 1 2m z e olite, which 
would hav e a maximum cubic dim e nsion of 2 x 1 .73 or about 3.5 m. In this mann e r th e anti 
microbial particl e s ar e at l e ast partially e xpos e d and ar e not compl e t e ly e mb e dd e d in th e 
thermoplastic mat e rial wh e r e th e y would hav e no anti - microbial eff e ct unless th e covering surfac e 
w e r e abrad e d away. 

[0323] Th e inn e r films or lay e rs can b e mad e of basically any th e rmoplastic r e sin, such as; 

PE, PP, PET, PS, PCT, Polyamido (nylon), Acrylic, PVC, etc. The surface layer(s) can bo made 
of th e sam e polym e rs plus som e low t e mp e ratur e ones such as PETG, Polycaprolacton e , EVA, 

vtv7 
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SHEET MATERIAL LAMINATES 

[032 4 ] FIG. 16 s hows on e typ e of multi - lay e r sh ee t in accordanc e with th e pr e s e nt inv e ntion. 

Th e multi lay e r sh ee t mat e rial 66 has a main, thick e r support lay e r 6 8 and a surface lay e r 70 
which is a thin lay e r of a th e rmoplastic mat e rial which is suffici e ntly thin that small particl e s of 
anti microbial ag e nt ar e contain e d th e r e in and hav e portions th e r e of which ar e at th e s urfac e or 
just b e low th e surfac e of th e lay e r. In this way th e anti microbial particl e s ar e bonded into th e 
surfac e lay e r 70 and th e r e for e r e main th e re for th e lif e of th e material or product made from the 
sh ee t mat e rial and provid e anti microbial properti e s for th e e ntir e tim e . It is advantag e ous to hav e 
th e anti microbial ag e nt only at the surfac e sinc e this is the only plac e wh e r e it com e s into contact 
with microb e s and fungi and to hav e th e ag e nt in oth e r plac e s in th e multi lay e r sh ee t mat e rial is 
wast e ful. 

[0325] Anoth e r typ e of multi lay e r sh ee t construction, which may b e us e d to accomplish th e 

purpos e s of th e pr ese nt inv e ntion is shown in FIG. 17. In this arrang e m e nt th e multi layer she e t 
mat e rial 72 has a main support lay e r 7 4 and both surfac e s th e r e of hav e surface lay e rs 7 8 and 8 0, 
r e sp e ctiv e ly. On e or both of th e surfac e lay e rs 7 8 and 8 0 have th e anti microbial ag e nt. Lay e r 7 4 
is a wid e sh ee t of mat e rial which may be extrud e d of th e rmoplastic mat e rial. It can b e a rigid 
mat e rial or a fl e xibl e mat e rial d e p e nding upon the e nd us e . Th e s e cond and third lay e rs of wid e 
sh e et mat e rial ar e attach e d to it by suitabl e m e ans known in the art or thoy may b e co e xtrud e d as 
describ e d b e low in conn e ction with FIGS. 21 23. Th e r e is a surfac e lay e r having an anti 
microbial ag e nt (which may b e or includ e an anti fungal ag e nt) is attach e d to both s id e s of th e 
compo s it e lay e rs. Th e s e layers ar e conn e cted by a suitabl e m e ans known in th e art when th e y are 
not co extrud e d. 

[0326] This thre e lay e r arrangement may b e co e xtrud e d at on e tim e s o that th e three lay e rs 

ar e bond e d tog e th e r imm e diately aft e r extrusion and whil e th e layers ar e still hot and prior to 
quenching. For a discussion of the co extrusion proc e ss, s ee FIGS. 21 and 22 and the description 
th e r e of which app e ars b e low. 
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[0327] There ar e many us e s which may b e mad e of this composit e , and th e e nd us e is 

e valuat e d to determin e additional f e atur e s which are added. For e xampl e , if th e finish e d 
composit e of FIG. 16 or FIG. 17 is to b e form e d into a shap e for caf e t e ria trays or food trays (s ee 
FIG. 20), then only on e surfac e lay e r having th e anti microbial ag e nt is n ee d e d and the support 
lay e r is rigid to provid e rigidity to th e tray. The material is hard and smooth so that it may be 
e asily cl e an e d y e t still provid e th e anti microbial e ff e ct. Th e food tray is die form e d aft e r th e 
sheet is mad e by th e co e xtrusion proc e ss. 

[032 8 ] It is possible to form th e thr ee layer sh ee t 72 which includ e s th e support lay e r 7 4 of at 

l e ast 10 micron s in thickn e ss which is e xtrud e d at th e sam e tim e as a s e cond she e t 7 8 which 
b e com e s a two lay e r sh ee t, th e s e cond sh ee t b e ing 4 microns in thickness and b e ing support e d by 
th e first lay e r. Th e e xtruding of both lay e rs is don e at th e sam e tim e and th e s e cond sh ee t 7 8 is 
join e d to th e first she e t 7 4 b e for e th e qu e nching is compl e t e . If d e sir e d a third she e t 8 0 similar to 
th e s e cond one, 7 8 , can b e mad e at th e sam e tim e . Th e s e cond and third sh ee ts may hav e an anti 
microbial ag e nt of th e typ e discuss e d h e r e in mix e d with th e thermoplastic mat e rial so that th e 
thr e e lay e r sh ee t has a thin top lay e r and a thin bottom lay e r which poss e ss anti microbial 
prop e rti e s. 

[0329] FIG. 1 8 shows a multi lay e r sh ee t 8 2 having a first inn e r layer 84 and a s e cond inn e r 

lay e r 8 6 with two surfac e lay e rs 88 and 90. It also includes e dg e lay e rs 92 and 76, and which is 
suitabl e for various purpos e s. It may b e construct e d as shown in FIGS. 21 and 22 and as 
d es crib e d b e low. 

{0330] FIG. 19 s hows a multi layer s h ee t 9 4 which has a shap e in th e form of a curve and 

which includ e s a c e nt e r support lay e r 96 and two surfac e lay e rs 9 8 and 100. 

[0331] FIG. 20 show s a food tray 102 which may b e th e typ e which contains food and is 

purchas e d in food stor e s with food packag e d th e r e in. This tray includ e s two basic parts, a bottom 
10 4 and a top 106. Th e bottom 10 4 may b e of PET which is crystallized in order to provid e a 
firm lay e r which may support th e food products contain e d th e rein. Aft e r the multi lay e r sh ee t 
mat e rial i s mad e , th e food tray parts ar e form e d in di e s. This bottom part 10 4 has a bottom lay e r 
10 8 and four sid e walls 110, 112, 11 4 , and 116. For all th e parts of th e bottom 10 4 , th e r e is an 
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inn e r lay e r 11 8 of a thin film which is attach e d to a support lay e r 122 and this film 11 8 contains 
an anti - microbial agent as indicat e d by th e stippling. Th e r e ar e tabs 12 4 and 125 on the bottom 
which fit into hol e s 120 on th e top 106. Th e top is mad e of a transpar e nt mat e rial and is in th e 
amorphous stat e . Th e anti microbial ag e nt pr e v e nts th e growing of microb e s which ar e kill e d 
upon contact with th e inn e r film lay e r of th e bottom of th e food tray. 

MAKING CO EXTRUDED SHEET MATERIAL LAMINATES 

[0332] With r e f e r e nc e to FIGS. 21 and 22, a s uitabl e die has a funn e l - shap e d e xpansion 

chamb e r 12 8 t e rminating in a slotted di e outlet 12 8 d e fined by a pair of spac e d di e lips. Th e di e 
has a shallow chamb e r e ntranc e section 132. 

[0333] Th e fe e d block 126 compris e s a plurality of slott e d lay e r di s tribution passag e s 13 4 in 

th e form of mutually spac e d apart slots or op e nings lying substantially parall e l to slott e d di e outl e t 
12 8 . Th e pa s sag e s e xt e nd from an inlet sid e to an outl e t s id e of th e f ee d block 126. 

[033 4 ] Th e f ee d block furth e r compris e s e nd e ncapsulation s lots 166 and 15 8 e xt e nding 

b e tw ee n inl e t and outl e t sid es without int e rs e cting passag e s 13 4 and lying s ubstantially 
p e rp e ndicular th e r e to. Oth e rwis e , slots 166 and 158 may e xt e nd along plan e s conv e rging tog e th e r 
from th e inl e t s id e to th e outl e t sid e . Th e f ee d block ass e mbly 152 includ e s a frame 136 
connect e d to th e upstr e am e nd of th e di e in som e suitabl e mann e r and d e fining a chamb e r (not 
shown) op e n on oppo s it e sid e s to facilitat e r e moval and r e placem e nt of f ee d block 126 with an 
int e rchang e abl e f ee d block design e d to accommodat e sp e cific r e sin viscositi e s, s e l e ct e d polym e r 
matchups, lay e r thickn e ss chang e s, lay e r g e om e try, e tc. 

[0335] Fram e 136 includ e s various conn e ctors 13 8 A and 13 8 B to which extrud e rs (not 

shown) of polym e r m e lts ar e conn e ct e d, and to which f ee d chann e ls or f ee d lin e s (also not shown) 
ar e lik e wis e conn e ct e d for f ee ding th e m e lts to slots 13 4 A 13 4 E, 166 and 158, or to select e d on e s 
th e r e of 

{0336] Th e fe e d block may be conn e cted in some suitabl e mann e r to fram e 136 or may b e 

unconn e ct e d th e reto. 
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[0337] Apparatus gen e rally d e signat e d 152 is illustrat e d in FIGS, 21 and 22 as comprising a 

slit di e 1 4 0 of mating di e halv e s. A f ee d block ass e mbly, g e n e rally d e signat e d 150, is totally 
int e grated into the die as it is ins e rt e d within a di e cavity 156 open at the upstr e am end of the di e 
and at opposing sid e s of th e die, shown in FIG. 21. Fe e d block ass e mbly 150 compris e s f ee d 
block 126, conn e ctors 13 8 A and 13 8 B and melt fe e d lin e s 1 4 1 A and 1 4 1B, r e sp e ctiv e ly, 
extending from th e conn e ctor 13 8 A for f ee ding plastic m e lt from th e e xtrud e r to the slott e d 
passag e s 13 4 A, 13 4 B and 13 4 C, and from th e connector 13 8 B for f ee ding plastic m e lt s from th e 
extrud e r to th e slott e d pa s sag e s 13 4 D and 13 4 E. Wh e n an anti microbial or th e lik e is to b e 
provid e d in th e thinner out e r side s of th e she e t mat e rial, such an ag e nt i s added into th e melt 
which is th e n e xtrud e d and f e d to f ee d lin e 1 4 1B and conn e ctor 13 8 B to e xtruding slots 13 4 D and 
13 4 E. In the e v e nt th e e dg es of th e laminat e d sh e et mat e rial is to diff e r from th e material f e d into 
fe e d lin e s 1 4 1 A and 1 4 1B, a third f ee d lin e (not shown) can b e conn e ct e d to slott e d passag e s 166 
and 15 8 of th e f ee d block. If th e e dg es ar e not to b e diff e r e nt th e slott e d passages 166 and 15 8 ar e 
not or may b e omitt e d from th e construction of f ee d block 126. Thus, th e e ntir e f ee d block 
ass e mbly 150 can b e r e mov e d from cavity 156 and r e plac e d by anoth e r f ee d block ass e mbly for a 
new production cycl e . 

[033 8 ] F ee d block 126 of apparatus 152 can b e provid e d with e xt e rnally acc es sibl e m e ans to 

control th e melt str e am s of polym e r m e lt passing through th e out e rmost s lots 13 4 D and 13 4 E for 
adjusting the distribution of th e out e r or skin lay e rs of th e skin laminat e to bo formed. Such 
control m e an s may be in th e form of a r e strictor bar 15 4 e xt e nding transv e rs e ly to th e dir e ction of 
flow of m e lt through th e passag e s for controlling th e width and/or shap e of the out e rmost passag e 
upon manual manipulation of an adjustm e nt scr e w 1 4 6. Th e r e strictor bar may b e locat e d in a sid e 
cavity 1 48 of th e f ee d block. 

{0339] Oth e rwis e , th e skin lay e r control m e an s may b e in th e form of a driv e n w e dg e 16 4 

mating with a driv e w e dg e 160 conn e ct e d to a scr e w driv e 1 4 2 via flang e 162, as mor e cl e arly 
shown in FIG. 22. Th e w e dges may b e hous e d in a suitabl e side cavity 1 44 , and a turning of 
scr e w driv e 1 4 2 shifts w e dg e 160 along th e scr e w driv e and caus e s th e driv e n wedg e to b e shift e d 
transv e rs e ly r e lativ e to th e m e lt flow through th e f ee d block for controlling th e distribution of th e 
skin lay e r flowing through th e out e r most passag e of th e f ee d block. 
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{0340] R e striotor bar 151 can b e utilized on both sid e s of th e f ee d block, and th e w e dg e 

arrang e m e nt can likewis e b e utiliz e d on both sid e s. R e strictor bar 15 4 and w e dg e 16 4 can hav e 
flat m e lt flow e ngaging surfac e s, or th e s e surfac e s can b e concav e ly or conv e xly shap e d or 
oth e rwis e contour e d to control th e lay e r distribution of th e s kin lay e rs by modifying th e out e r 
s lots to accommodat e diff e renc es in m e lt viscositi e s, e tc. 

[03 4 1] With this arrang e m e nt on e or both out e r layers may hav e an anti - microbial ag e nt. If a 

thr ee lay e r arrang e ment is mad e it can hav e a c e nt e r lay e r of 10m and th e out e r lay e rs may b e 4m. 
In such an e v e nt th e particl e siz e may b e about 1.5 2m. If z e olit e of silv e r particl e s ar e us e d and 
mad e thi s siz e th e n substantially e v e ry particl e of z e olit e will hav e at l e ast a portion e xpos e d by 
proj e cting through th e outer surfac e of th e lay e r in which it is e mb e dd e d. 

[ 03 4 2 ] FIG. 23 s hows a di e 16 8 having a singl e e xtru s ion slot with thr ee portions, 170, 172 

and 17 4 . Th e sh e et which is e xtrud e d th e r e by is shown having a c e nt e r s e ction 176 and two e dge 
portions 17 8 and 1 8 0. Th e width of th e c e nt e r portion 176 is th e sam e a s th e widths of th e e dg e 
portions tog e th e r. Wh e n th e e xtrusion proc e s s tak e s plac e di e slot portion 170 produc e s edg e 
portion 17 8 , di e slot portion 172 produc e s c e nt e r portion 176 and di e slot portion 17 4 produc e s 
e dg e portion 1 8 0. Th e stippling indicat e s that an anti microbial and/or an anti fungal ag e nt has 
b ee n incorporat e d into th e cent e r portion of th e extrud e d she e t. Th e e xtruded sh ee t is shown 
having a thickn e ss 1 8 2 which is th e s am e throughout, although portions could b e of diff e r e nt 
thickn e ss if this is d e sir e d. 

[03 4 3] Thus FIG. 23 show s a mann e r of making a co e xtrusion multi lay e r sh e et in which th e 

e dg e s 17 8 and 1 8 0of the extruded sheet ar e diff e r e nt from th e c e nt e r 176 in s om e r e spect and if 
d e sir e d, aft e r extrusion and whil e still having the h e at of th e e xtrusion (prior to qu e nching) the 
two e dg e portions 17 8 and 1 8 0 ar e fold e d und e r to provide a layer und e r th e c e nt e r s e ction. In 
this manner a two lay e r sh ee t is form e d with lay e r 176 having microbe and fungus killing 
prop e rti e s on on e sid e of th e two lay e r sh ee t. 

[03 44 ] If d e sir e d, the di e and sh ee t could have only two sections of e qual width, in which 

e v e nt one would b e fold e d ov e r th e oth e r to form th e two lay e r shoot with on e lay e r having anti 
microbial prop e rti e s. 
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CONSTRUCTION OF THE MULTI LAYER SHEET MATERIAL 

[03 4 5] Anti microbial ag e nts can b e us e d in making sh e et mat e rials for a vari e ty of 

applications in which it is n e c e ssary or d e sirable to r e duce bact e rial and fungal growth and th e ir 
r e sultant odor. 

{0346] In manufacturing th e s e mat e rials, any of th e embodim e nts d e scrib e d abov e could b e 

used. Both th e str e ngth and r e sili e ncy of these mat e rials is important. Any numb e r of shaped 
d e signs could b e us e d as appropriat e . In som e instanc e s, round would b e appropriat e wh e r e as in 
oth e r instanc e s r e ctangular or oth e r shap e s, both simpl e and complicated would be appropriat e , all 
d e pending upon th e us e to be mad e of th e mat e rial. 

[03 4 7] Also, oth e r modifications of th e charact e ristics of th e s e mat e rials b e yond that of 

adding anti microbial ag e nts, including th e addition of ag e nts to incr e as e or d e cr e a se 
hydrophobicity, is us e ful. In addition, anti odor additiv e s may b e particularly us e ful in caf e teria 
or oth e r typ es of food trays. 

{0348] Th e r e lativ e ly small siz e of th e pref e rr e d anti microbial ag e nt which is silv e r 

containing z e olit e compounds (which can b e as small as 2 microns and l e ss) that ar e us e d in th e 
manufacturing of th e sh ee t film allow th ese anti microbial ag e nts to b e incorporat e d into th e thin 
sh ee t films inst e ad of b e ing appli e d to th e m. Thus, b e cause th e s e anti microbial ag e nts ar e an 
int e gral part of the film, th e y ar e not wa s h e d or e asily abrad e d away and th e finish e d articl e s 
manufactur e d from th e m ar e abl e to withstand s ignificant w e ar and multipl e washings whil e 
maintaining th e ir anti microbial e ff e ctiv e n e ss. In th e cas e of products which ar e thrown away 
after us e , th e r e si s tanc e to washings is not an important factor. 

{0349] Sp e cifically, high e r loading of th e anti microbial ag e nts (up to 5 tim e s) is us e d to mor e 

e ff e ctiv e ly act against fungi. This high e r loading may b e achi e v e d by using various z e olit e s 
follow e d by h e ating th e film polym e r, e .g. PET, to b e tw ee n 180 and 228 d e gr ee s Fahr e nh e it in 
hot wat e r which allows furth e r m e tal loading or ion e xchang e to replac e r e sid e nt m e tal ions with 
anoth e r ion or mixtur e of ions. In addition, this would allow the zeolit e at or n e ar the surfac e of 
th e film to b e pr e f e r e ntially load e d with th e m e tal ion or mixtures ther e of that has th e d es ir e d 
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biological effect. These m e thods ar e particularly us e ful in r e ducing costs whon e xp e nsiv e m e tal 
ions, such as silv e r, ar e us e d in th e s e processes. Also, by adding c e rtain m e tals, e .g. silv e r, at this 
point in th e proc e ss and not having it pr e s e nt during th e high t e mp e ratur e film extrusion proc e ss, 
any y e llowing or discoloration du e to oxidation of th e m e tal ion or its e xposur e to sulfur and 
halog e ns would b e greatly reduc e d. 

[0350] Th e synthetic films us e d in th e pr e s e nt inv e ntion can b e mad e of various polym e rs and 

co polym e rs, including th e rmoplastic on es . Th e s e polym e rs includ e , but are not limit e d to, 
polyethyl e n e (PE), polypropyl e ne (PP), poly 1,4 cyclohexyl e n e dimothylen e terophthalat e (PCT), 
PET, PET type G (PETG), co PET, and co polymers generally. Th e s e films can also contain 
styr e n e , Halar®, and various polyamid e s. 

[0351] As d e fin e d in this invention, anti microbial m e ans a thousand - fold r e duction in 

bact e ria. Thus, th e mat e rials and products of this inv e ntion ar e subj e ct e d to t e sts which show a 
1000 fold reduction in colony forming units (CFU) of bact e ria. To kill bacteria means a t e n 
thousand fold r e duction in bacteria and th e mat e rial s and products of this inv e ntion arc capabl e of 
a 10,000 fold r e duction in CFU of bact e ria. 

[0352] This l e v e l of antibact e rial prot e ction is achi e v e d g e n e rally by having betwe e n 0.1 and 

20 p e rc e nt by w e ight of an anti - microbial ag e nt incorporat e d into a multi - layer e d sh ee t material. 
Alt e rnativ e ly, th e anti microbial ag e nt conc e ntration can be r e duc e d to betwe e n 0.2 and 6.0 
percent in multi lay e r sh ee t s in which the anti microbial agent is only mix e d into the out e r 
lay e r(s) of th e multi lay e r sh ee t. This latter configuration allows l e ss anti - microbial compound to 
b e us e d, thus significantly r e ducing th e cost of manufactur e , and thus the cost of th e sh ee t 
mat e rial. 

[0353] It is also possibl e to us e th e s e int e grat e d anti microbial compounds to mak e s h ee t 

mat e rials and products that hav e a varying distribution of th e anti microbial ag e nt. For e xampl e , 
by varying th e conc e ntrations of th e anti microbial ag e nt during mixtur e with the film forming 
polymers, films having varying anti microbial cont e nt can b e form e d which can then b e add e d in 
varying amounts to form sh ee t mat e rials having varying concentrations of anti microbial ag e nts. 
In addition, th e amount of anti microbial pr e s e nt in the film itself can be vari e d, e ither l e ngthwis e 
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or in cross section. Similarly, highor and low e r conc e ntration s of th e s e anti microbial ag e nts in 
th e ov e rall films can b e achi e v e d by using multi lay e r e d s h ee ts in which, for e xampl e , th e anti 
microbial agent is pr e s e nt only in an outer lay e r s e ction, thus significantly r e ducing 
manufacturing and s e lling costs. Any of th e above manufactur e d anti microbial films can b e u se d 
with films that do not contain anti microbial ag e nts such that she e ts and products can b e mad e 
having ov e rall and localiz e d variations in conc e ntrations of anti microbial ag e nts. 

[0354] Color pigm e nts can b e added to th e s e anti microbial films in ord e r to provid e a 

plea s ing coloration for such sh e et mat e rials wh e n th e ultimat e product s ar e purchas e d by 
con s um e rs. Similarly to th e abov e anti microbial ag e nts, th e s e pigm e nt mat e rials can be added 
such that th e pigments ar e e ncapsulated in th e polymers that are used to mak e th ese sh ee t 
mat e rials. By using thi s m e thod of coloring th e films, mat e rials for e nd us e products mad e from 
th e s e color e d films ar e color fast and do not l e ach out th e ir color during washing, thus 
significantly r e ducing fading during us e and washing. In addition, sinc e th e n ee d for 
conv e ntional dy e ing t e chniqu e s can b e reduc e d or e liminat e d, th e disposal of e nvironm e ntally 
damaging dy e mat e rials is avoid e d. This, in and of its e lf, can r e duc e th e costs of manufacturing 
finish e d color e d sh ee t mat e rial s du e to th e e limination of th e manufacturing infrastructur e and 
associat e d p e r s onn e l n ee d e d to proc e ss r e sidual dy e e fflu e nts. 

[0355] In a similar fashion to anti microbial ag e nts and color pigm e nts, a vari e ty of other 

additiv e s that ar e us e d for various purposes can b e combin e d with th e polym e rs during or after 
film formation and e xtrusion. For e xampl e , additiv e s that protect against damag e from UV light 
can b e add e d to th e film polymer or coat e d onto it so that the sh e et materials or e nd us e products 
form e d are r e si s tant to the fading of colors and UV damag e g e n e rally, although this is not a factor 
for all products. Both flam e r e sistant and - r e tardant ag e nts can also b e added to th e films of this 
inv e ntion in a mann e r similar to that d e scrib e d for UV prot e cting ag e nts. In this way, the sh e et 
mat e rials formed can b e mad e resistant to fir e . 

[0356] In addition, th e films can b e mad e e ith e r hydrophilio or hydrophobic as desired by 

mixing oth e r ag e nts into th e film polym e rs or applying th e m to the film surfac e . By modifying 
th e w e tability charact e ristics of th e films, th e y can b e made more useful for various applications. 
For e xampl e , hydrophilio films are eff e ctiv e in applications in which on e wants th e anti microbial 
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sh ee t mat e rial to mor e e asily absorb wat e r, such as wh e n the material is d e sign e d to b e us e d in 
humid conditions. Alt e rnativ e ly, hydrophobic films ar e e ff e ctiv e in applications in which on e 
wants to avoid th e absorption of such solution s . 

[0357] Th e anti microbial ag e nts can also b e add e d to low m e lt polym e r film s that can b e 

activat e d and m e lt e d during she e t mat e rial production by raising th e t e mperatur e , thus spreading 
th e anti microbial ag e nt s throughout the mat e rial wh e n th e low melt films m e lt and coat the 
surfac e of the supporting lay e r. By varying th e amount of anti microbial containing low m e lt 
film regionally and/or by varying th e amount of anti microbial ag e nt in thes e low melt films, a 
sh e et mat e rial can b e produc e d that has a purpos e ly d e signed r e gional variation in anti microbial 
eff e ctiv e n e ss throughout. 

[0358] Sp e cifically, th e latter situation can be achi e v e d by using an amorphou s binding film 

such as PETG, which can b e bl e nd e d to form various typ e s of sh ee t materials. Aft e r h e at 
activation, th e PETG m e lt s , w e tting th e surfac e of th e surrounding films adjacent surface or 
surfac e s. In this way, solidifi e d PETG forms and binds th e lay e r s tog e th e r whil e spreading th e 
anti microbial ag e nt throughout the surfac e s. Becaus e of th e e xc e ll e nt wetting charact e ristics of 
PETG, th e anti microbial ag e nt can b e uniformly di s tribut e d throughout th e mat e rial. Th e se 
m e thods of activating PETG may also b e us e d to additionally distribut e oth e r additiv e s d e scrib e d 
abov e throughout th e finish e d mat e rials. 

[0359] Th e anti microbial additiv e s used ar e m e tals such as copp e r, zinc, tin, and silv e r as 

part of an inorganic matrix. Th e b e st r e sults can b e obtain e d using a z e olit e of silver disp e rs e d in 
a PE,PP, PS, Nylon, PET, or PBT carrier. These additives can bo added directly to the m e lt 
without a carri e r. Th e total anti microbial additiv e conc e ntration rang e s from 0.2 to 6.0 p e rc e nt 
by w e ight of fib e r d e p e nding on p e rformanc e requir e ments. Other additiv e s which can b e 
incorporat e d includ e on e or mor e of UV stabiliz e rs at 0.1 to 5.0 p e rcent; fir e r e tardant additiv e s at 
0.1 to 5.0 p e rc e nt; pigm e nts at 0.1 to 5.0 p e rc e nt; hydrophilic additiv e s at 0.2 to 5.0 p e rc e nt; and 
hydrophobic additiv e s at 0.2 to 5.0 p e rcent. 

{0360] Anoth e r configuration of th e pr e s e nt inv e ntion is a multi lay e r e d film in which th e 

compon e nts are th e sam e polymers and additiv e s as d e scrib e d abov e . In this e mbodim e nt on e 
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layer is u se d for str e ngth anoth e r lay e r is us e d as a bind e r that contains ins e rt e d additiv e s. 
Variants of this such as thr e e and four layer e d products, and e ven up to t e n lay e r e d products with 
th e out e r two lay e rs carrying th e anti microbial ag e nt can also b e mad e . 

[0361] It should b e understood that th e nominal bind e r or bind e r compon e nt can also b e a 

strength e nhanc e r in som e combinations. It will also b e understood that oth e r variants including 
but not limit e d to combinations, can b e mad e . For e xampl e , a first e xtrusion could produce 
interm e diat e film products and such products could b e put togeth e r with e ach oth e r or with 
separat e lay e rs. 

[0362] Anoth e r e mbodim e nt is a grouping of lay e rs us e d to practic e th e inv e ntion. On e 

configuration uses PET or oth e r high tenacity polym e r at b e tw ee n 20 and 80 p e rc e nt by weight. 
Poly 1, 4 cycloh e xylen e dim e thyl e n e t e r e phthalat e (PCT) or oth e r hydrolysis r e sistant polymer is 
us e d in anoth e r lay e r at a ratio of 80 to 20 perc e nt. On e lay e r is d e sign e d to provid e the str e ngth 
and the modulus can b e vari e d to cr e at e a high modulus lay e r, or a low modulus layer, or 
anywh e re in b e tw ee n. The us e of PCT in th e a lay e r provid e s a hydroly s is r e sistant surfac e and 
resistanc e to long t e rm washings in boiling wat e r and strong soaps. Th e multi layer anti 
microbial/anti fungal s ynth e tic lay e rs can b e produc e d in a wid e rang e of thickn e s se s. 

{0363] Additiv e s includ e pigm e nt s , compounds to cr e at e a hydrophilic surfac e , and anti 

microbial, anti fungal, and anti - odor ag e nts. Th e pigm e nt additiv e s provide uniform colors that 
do not fad e significantly ov e r long - term us e and washing, unlik e dy e s, b e caus e th e s e additives ar e 
int e grally mix e d within th e polym e r making up th e sh ee t or film. In addition, compounds may b e 
u se d which cr e at e a hydrophilic surfac e . Th e anti microbial, anti fungal and anti odor additiv e s 
can b e vari e d, both in typ es and amounts, depending on the final product d e sir e d. 

{0364] On e lay e r mad e from low t e mp e ratur e polym e rs with a m e lting or soft e ning 

t e mperature below 200 degrees C, such as PETG, PE, PP, co PET, or amorphous PET, may b e 
us e d as bind e r carri e r for anti microbial additiv e s. 

{0365] Th e anti microbial additiv e s are inorganic compounds of m e tals such as copp e r, tin, 

zinc, silv e r, e tc. Th e pr e f e rr e d compound is a z e olit e of silv e r dispers e d in PE, PET, or PBT 
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before being added to tho layer. Tho additives could b e added directly to tho primary polym e r 
with pr e disp e rsion. The total activ e ingr e dients rang e from 0.1 to 20 p e rc e nt by sh ee t w e ight. 

[0366] Thus, an anti microbial sh ee t material can b e produc e d that is able to withstand 

significant w e ar and washings and maintain its e ff e ctiv e ne s s. 

OFFICE PARTITION AND OFFICE COMPONENT FABRICS 

[0367] Offic e partition and offic e compon e nt fabrics, an e xampl e being shown in FIG. 27 

which is a cross s e ction through an offic e partition in which th e r e is a multi lay e r partition having 
a filling lay e r 2 4 0, a fabric lay e r 2 4 2 on on e sid e and a third lay e r 2 44 which may also b e of fabric 
or can b e of a solid mat e rial. Offic e typ e partitions walls can b e portabl e or s e mi portabl e div e rs 
of op e n ar e a for p e rsonn e l work stations and oth e r assign e d work and waiting ar e as for employ ee s 
and clients. Th e fib e r can b e wholly or partly synth e tic fib e rs which is mono or multi compon e nt 
and can be us e d with oth e r synth e tic or natural fib e r s to form a vari e ty of fabrics us e s as wall 
cov e ring and/or wall fill e rs. Partitions of this typ e are us e d in offic e factory, storag e and 
custom e r s e rvic e ar e as. Th e y are provid e d with fabric surfac e s (wov e n, knits, or non wov e n) for 
a e sth e tic rea s on s , s ound absorption and/or to cushion impacts. Th e y may also b e divid e d with 
int e rnal fabric or loos e fiber fills for cushioning, wall covering substrat e support and sound and/or 
th e rmal insulation purpos e s. Tho anti microbial ag e nt is incorporat e d into tho fib e rs in on e or 
both of th e out e r lay e rs 2 4 0 and 2 44 . This can include fabrics for office , hospital, waiting ar e a, 
classrooms, buss e s, cars, and tho like and also curtains, uphol s tery, carp e ts and b e dspreads. In 
addition to th e anti microbial agent, other mat e rials can b e added to th e fibers such as pigm e nts, 
fir e r e tardant s , color fixing agents, and UV r e sistant ag e nt s . Partitions ar e ass e mbl e d, 
disass e mbl e d, mov e d and r e assembl e d with som e fr e qu e ncy. This and traffic around such 
partitions cr e at e s an e nvironm e nt for spr e ad of airborne or contact transmitted dis e as e , and 
partitions ar e fr e qu e ntly touched. This inv e ntion provid es partition systems and oth e r articl e s of 
th e type describ e d. An anti static ag e nt can b e add e d to assi s t in dissipating static charg e s which 
cr e ate problems, for exampl e , when comput e rs ar e being us e d. The product r e mains intact wh e n 
subj e ct e d to normal cl e aning and can be ass e mbl e d by b e ing noodle punch e d, r e sin bond e d w e t 
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laid, th e rmo bond e d, and spun bond. — In offic e e nvironm e nts ther e is th e spillag e of food and 
spills from offic e supply and janitorial materials and simpl e hand contact on wall surfac e s. Thes e 
and oth e r e nvironm e ntal insults have th e pot e ntial to l e av e r e sidu es that can be good substrat e s 
for the growth of bact e ria , mold and oth e r microb e s. Th e y can b e in moist environm e nts and th e 
partitions ar e sit e for growth, and also from airborn e microb e s. 



CAR WASH MATERIALS 

[0368] Car wash materials, including shami type materials, in which the anti-microbial 
features last for the normal life of car wash cloths, for example, from 6 to 9 months. In car 
washes, many types of fabrics are used in the washing process. For instance, the automatic 
machines that wash cars use a variety of shaped fabrics to clean the car. In addition, cloths of 
various kinds are used in the waxing, dying, and finishing processes. Due to their continual 
contact with water, which itself is often recycled, these materials are often wet for long periods of 
time. This type of situation is very favorable to the growth of bacteria, fungi, and other microbes. 
As a result of the above, the use of anti-microbial fibers in the manufacture of materials used to 
clean cars in car washes is a desirable goal. These anti-microbial fiber-containing materials are 
useful in materials used by the automatic machinery and by individuals employed to clean the 
cars as well as in other ancillary materials. Specifically, the shaped fabrics used for automatically 
cleaning the car and the hand towels used to wax, dry, and otherwise finish the car are better 
products when these anti-microbial fibers are added to them. In manufacturing these materials, 
any of the embodiments described above could be used. Both the strength and resiliency of these 
materials is important given that they are used multiple times and are subject to being constantly 
in contact with water. Thus, both bi-component fibers and mixed fiber fabrics are useful 
embodiments for car wash materials. Also, other modifications of the characteristics of these 
fibers and fabrics beyond that of adding anti-microbial agents, including the addition of agents to 
change the hydrophobicity, are useful in view of their constant contact with water. Thus, these 
anti-microbial materials that are manufactured to be used in car washes significantly reduce the 
growth of mold, mildew, and bacteria. By achieving this goal, odors associated with the long- 
term use of these materials is reduced. Also, the number of times they can be re-used before 
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being discarded is increased, both because of the incorporation of anti-microbial fibers into these 
materials and the strengthening strategies indicated above. These characteristics also result in a 
significant costs savings in the operation of car washes. The hydrophilic and anti-microbial 
additives provide a hydrolysis-resistant surface that results in long-term protection against 
washings in boiling water and strong soaps, and also degreasers and chemical based cleaners. 
The anti-microbial synthetic fibers can further be blended with non-anti-microbial fibers such as 
cotton, wool, polyester, polypropylene, acrylic, nylon and the like, to provide anti-microbial 
finished fabrics that are able to withstand significant wear and washings and while maintaining 
their effectiveness; 



CAR WASH WATER FILTERS 

[0369] Car wash water filters are more useful when the anti-microbial fibers are used in the 
making of such filters. Also batts and "brillo" type pads can be used which float, or are 
submerged in a recycled water storage tank, and the anti-microbial fibers included in them kill the 
microbes, which are in the tank. This is especially important in car washes, which recycle the 
wash water, which is the majority of car washes. In car washes, the water that is used to wash the 
cars and the associated materials for performing the washing and drying operations is often 
recycled water. However, there are several disadvantages to using recycled water. These include 
the dirt and odor-causing materials found in the water, including various bacteria, fungi, and other 
microbes. Because of the use of recycled water, very favorable conditions exist for the growth of 
bacteria, fungi, and other microbes. As a result of the above, the use of anti-microbial fibers in 
the manufacture of filter materials used to clean the recycled water before re-use in car washes is 
a desirable goal. These anti-microbial fiber-containing filters are useful in reducing the build-up 
of biological materials and films, both on the machinery employed to clean fabrics and other 
materials associated with the car wash process, due to the recycled water re-use. Specifically, the 
shaped fabrics used for automatically cleaning the car and the hand towels used to wax, dry, and 
otherwise finish the car are less prone to the development of bacterial and fungal films. They are 
also less likely to impart undesirable odors to the car itself. In addition, the recycled water itself 
would be less likely to impart any odors to the car. They assist in improving the air quality for 
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customers as they drive through a car wash, and also for the employees. In manufacturing these 
materials, any of the embodiments described above could be used. Both the strength and 
resiliency of these materials is important given that they are used multiple times and are subject to 
the high pressures characteristic of filtering processes. Any number of filter shape designs could 
be used as appropriate to the step in the filtration that was being performed. In some instances, 
round filters would be appropriate whereas in other instances pleated or other shape filters would 
be appropriate, all depending on the pressure and volume characteristics of the recycled water 
flow. Also, the batts mentioned above can be used in the recycled water storage tanks or sumps 
to assist in cleaning the water by killing microbes and fungi. Anti-odor additives may be 
particularly useful in this application given the use of recycled water. Thus, these anti-microbial 
car wash filters and batts significantly reduce the growth of mold, mildew, and bacteria in the 
recycled water and on car wash materials. By achieving this goal, odors associated with the long- 
term use of recycled water and these materials would be reduced. Also, the number of times the 
recycled water and the car wash materials could be re-used before being discarded could be 
increased. The ability to re-use recycled water several additional times because these types of 
filters and/or batts are employed in the recycle process would results in a significant costs savings 
in the operation of car washes. 

INSTITUTIONAL PRODUCTS AND HOME FURNISHINGS 

[0370] Institutional products and hom e furnishings, such as b e d s he e ts, pillow cas e s, mattr e ss 

pads, blank e ts, tow e ls, drap e s, b e dspr e ad s , pillow shams, carp e ts, walk off mats, napkins, lin e ns, 
wall cov e rings, upholst e r e d furnitur e , lin e rs, mattr e ss ticking, mattr e ss filling, pillow filling, 
carp e t pads, uphol s tery fabric and th e lik e , ar e significantly improv e d wh e n mad e using, at l e ast 
in part, th e anti microbial fib e rs d es crib e d abov e . Furth e r d e tails of th e se institutional products 
and homo furnishings ar e provid e d b e low. 

[0371] Mattr e ss pads 1/2" to 1" in thickness ar e mad e , for e xampl e , as s e t forth in Exampl e 1 

above. The w e b can b e air laid and the binder fib e r m e lts in an ov e n. Thus, th e sh e ath is m e lt e d 
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and spreads on th e oth e r fib e rs. 5% of th e fib e r bl e nd mass can b e anti - microbial fib e r. Th e 
e ntir e sh e ath is anti microbial fib e r. 

[0372] Bod sh ee ts and pillowcas es can b e made of anti microbial fib e r. They can b e 

constructed using low m e lt binder fib e r blend e d in at lev e ls of 1 to 20%. Th e binder fib e r can b e 
bl e nd e d with other fib e rs such as cotton, wool, polyamid es , viscos e , flax, acrylic, or poly e st e r. 
Th e low m e lt bind e r fiber contains l e v e ls of th e activ e anti microbial ingr e di e nt ranging from 
0.25% to 5%. Fib e r prop e rti e s ar e from 0.7 d e ni e r through 25 d e ni e r with cut l e ngths ranging 
from 1 mm to 180 mm. 

[0373] Th e b e d s h ee ts and/or pillowcas e s can also b e construct e d using th e bi compon e nt 

sh e ath/cor e poly e st e r fib e rs with th e activ e anti microbial ingr e dient in th e s h e ath only. 

[037 4 ] Th e anti - microbial fib e r s ar e us e d to spin yarn in cotton counts ranging from 4 's to 

80 ? s. Sh ee ts and pillowca se s may b e wov e n or knitted. Yarns us e d to w e av e the b e d 
sh ee ts/pillowcases, containing th e anti microbial tr e at e d fib e rs, may be used only in th e warp 
dir e ction, or th e filling dir e ction, or may b e us e d in both. 

[0375] Som e sh ee ts and pillowcas e s hav e b ee n mad e using 1 15% anti microbial fiber in th e 

fabric, which ar e 1.5 3.5 d e ni e r, 1 1/2 " stapl e l e ngth and in which 15% of th e filling yarn is anti 
microbial. For e xample, th e y can hav e 15% anti microbial fib e r, 35% cotton and 50% untr e at e d 
polyester. 

[0376] PETG is bl e nd e d with th e cotton, and is h e at e d, it do e s not ball up but wicks along th e 

oth e r fibers. Th e cross s e ction b e com e s thinn e r as th e PETG flows. For loose knit fabrics 15 
20% anti microbial fib e r i s us e ful to kill th e microb e s, wh e r e a s for flat wov e n fabric th e r e can b e 
10% or l e ss anti - microbial fib e r to kill microb e s. 

[0377] Th e sam e fabric can b e us e d in b e d she e ts and for m e dical s crubs. Wov e n fabric i s 

d e siz e d to r e move starch from th e warp yarns. High loft batting i s us e d to stuff th e mattr e ss pad. 
15% of fib e r bl e nd is bi compon e nt. In on e e xampl e , the fib e r was mad e with all PET sh e ath and 
cor e , and was 6 1/2 oz p e r squar e yard, 6 d e ni e r bl e nd e d with 6 deni e r r e gular whil e . 
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ANTI MICROBIAL PRODUCTS FOR INSTITUTIONAL AND HOME FURNISHINGS 

[037 8 ] Institutional and hom e furnishings include a vari e ty of it e ms such as b e d sheets, pillow 

cas e s, mattr e ss pads, blank e ts, towels, drap e s, b e dspr e ads, pillow s hams, carpets, walk off mats, 
napkins, lin e ns, wall cov e rings, upholst e r e d furnitur e , liners, mattr e ss ticking, mattr e ss filling, 
pillow filling, carp e t pads, upholst e ry fabric, and e ach of th e s e hav e diff e r e nt r e quir e m e nts 
d e p e nding upon th e ir int e nd e d u se . Whil e topical applications of ag e nts hav e b ee n us e d in the 
past th e y do not stand up to w e ar and to r e p e at e d laund e rings. Th e r e for e , th e pr e s e nt inv e ntion 
provid e s for th e addition of such agents, such as anti - microbial agents at th e fib e r making stag e of 
manufactur e and prior to th e fabric or mat e rial or product b e ing pr e par e d. 



BED SHEETS AND PILLOW CASES 

[0379] Th e s e will usually have th e same r e quir e m e nts and b e prepar e d in a similar mann e r. 

Fibers and yarns hav e b ee n pr e par e d to hav e anti microbial prop e rties and th e n ar e us e d to mak e 
b e d sh ee ts and pillow cas e material which is th e n mad e into th e final product. 



MATTRESS PADS 

{0380] Th e anti microbial fib e rs ar e us e d for th e top and bottom lay e rs of th e pads which ar e 

s e al e d or conn e ct e d to e ach oth e r along th e ir p e rim e t e rs. This can b e by s e wing with thr e ad or in 
som e oth e r suitabl e mann e r. Th e c e nter is fill e d with a batting mat e rial which includ e s 15% anti 
microbial fib e r produced as d e scrib e d b e low. Th e top and bottom lay e rs ar e woven fabric which 
is mad e from yarn which contains 15% anti microbial fiber produc e d as d e scrib e d b e low. 

[03 8 1] It has b ee n found that wh e n th e se fabrics ar e dy e d, th e dy e ing proc e ss can hav e th e 

e ffect of blocking th e anti microbial action. Howev e r, in accordanc e with th e pr e s e nt inv e ntion 
this probl e m is resolved by using hot water soaks or wash e s which r e juv e nat e s th e fiber's anti 
microbial ag e nts. 

[03 8 2] Anti microbial fib e rs can b e us e d to mak e mat e rials for a vari e ty of applications in 

which it is n e cessary or desirable to reduce bact e rial and fungal growth and th e ir r e sultant odor. 
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Sp e cifically, in institutional e nvironm e nts, th e s e mat e rials can b e used in support substrat e s for 
furnishings. In th e se situations, th e s e support mat e rials ar e subj e ct to a vari e ty of e nvironm e ntal 
insults that can cause th e growth of bact e ria, fungi, and oth e r microbes. Those includ e th e 
spillag e of food and it s s ee pag e insid e furnishings and spills from janitorial mat e rials. Th e s e and 
oth e r e nvironm e ntal insults have th e pot e ntial to leav e r e sidu e s that can b e good substrat es for the 
growth of bact e ria, mold, and oth e r microb e s. Ther e fore, unsanitary conditions can occur along 
with th e associat e d bad odor, both of which can contribut e to pati e nt s ickn e ss and all e rgy, a 
d e t e rioration of pati e nt moral e , and sick building syndrom e , in g e n e ral 

[0383] As a r e sult of th e abov e , th e us e of anti microbial fib e r s in th e manufactur e of support 

substrat e s for institutional furni s hing s i s a desirabl e goal. Th e s e anti microbial fibor containing 
support substrates ar e us e ful in r e ducing th e build up of biological mat e rials and films, thus 
reducing associat e d pati e nt discomfort and e nvironm e ntal contamination. Sp e cifically, th e anti 
microbial fib e r containing s upport substrat e s could b e coat e d with polyvinyl chlorid e (PVC) or 
laminat e d to wov e n or knit fabrics in the construction of institutional furnishings. 

[0384] In manufacturing th e furnishing typ e materials, both th e str e ngth and r e sili e ncy of 

th e s e mat e rials is important giv e n that th e y must stand up to a variety of environm e ntal insults, 
fr e qu e nt mov es , and varying s torage conditions. Th e y must also b e strong e nough to act as 
supporting m e mb e rs of th e furni s hings th e ms e lv e s. Thus, both bi compon e nt fib e rs and mixed 
fib e r fabrics ar e us e ful e mbodim e nts for support substrat e s for institutional furnishings. Also, 
oth e r modifications of th e charact e ristics of th e s e fib e rs, th e ir associat e d fabrics, and support 
mat e rials b e yond that of adding anti microbial ag e nts, including th e addition of ag e nts to incr e ase 
or d e cr e ase hydrophobicity, ar e us e ful given th e n ee d for fr e qu e nt cl e anings and washings. In 
addition, anti odor additiv e s may b e particularly us e ful in this application given this fr e qu e ncy of 
cl e aning as w e ll as th e vari e ty and numb e r of environm e ntal insults to which those fabrics ar e 
e xpos e d. 

[03 8 5] Thus, th e s e anti microbial materials that ar e manufactur e d to be us e d in support 

substrat e s for institutional furnishings significantly r e duc e th e growth of mold, mild e w, and 
bact e ria in th e institutions. By achieving this goal, odors associat e d with th e long t e rm us e of 
those mat e rials and th e ir fr e qu e nt storag e and r e us e is r e duced. Also, th e length of tim e that 
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th e s e furnishings can b e us e d in the offic e incr e as e s gr e atly, thus r e sulting in a significant costs 
savings in th e furnishing of institution s . 

{0586] Color pigm e nts may b e add e d to th e s e anti microbial fib e rs in ord e r to provid e th e 

d e sir e d coloration for finish e d fabrics and mat e rials. Similarly to th e abov e anti microbials, th e s e 
pigment mat e rials can be add e d such that th e pigm e nts ar e encapsulat e d in th e polym e rs that ar e 
us e d to mak e th e s e fabrics. By using this m e thod of coloring th e fib e rs, mat e rials and fabrics 
mad e from th e se color e d fib e rs ar e color fast and do not leach out th e ir color during washing, thus 
significantly r e ducing fading during w e ar and washing. In addition, sinc e th e n ee d for 
conv e ntional dy e ing t e chniqu e s can b e r e duc e d or e liminat e d, th e disposal of e nvironm e ntally 
damaging dy e mat e rials is avoid e d. Thi s , in and of its e lf, can r e duc e the costs of manufacturing 
finish e d colored fabrics du e to th e e limination of the manufacturing infrastructur e and associat e d 
p e rsonn e l ne e d e d to process r e sidual dy e e fflu e nt s . 

[03 8 7] In a similar fashion to anti microbial ag e nts and color pigm e nts, a vari e ty of oth e r 

additiv es that ar e us e d for various purpo se s can b e combin e d with th e polymers during or aft e r 
fib e r formation and e xtrusion. For e xampl e , additiv e s that prot e ct against damage from UV light 
may b e add e d to th e fib e r polymer or coat e d onto it so that th e fabrics and mat e rials form e d ar e 
r e sistant to the fading of colors and UV damag e g e n e rally. Both flame r e sistant and r e tardant 
ag e nts can also b e add e d to th e fib e rs of this inv e ntion in a mann e r similar to that d e scrib e d for 
UV prot e cting agent s . In thi s way, th e fabrics and mat e rials form e d can be mad e r e sistant to fir e . 
Anti stain ag e nts can al s o b e added to th e fib e rs or r e sultant fabrics in the abov e mann e r. 

{0388] In addition, th e fib e rs can b e mad e e ith e r hydrophilio or hydrophobic as d e sir e d by 

mixing oth e r ag e nts into th e fiber polym e rs or applying th e m to the fib e r surfac e . By modifying 
th e w e tability charact e ristics of th e fib e rs, th e y can b e mad e mor e us e ful for various applications. 
For e xampl e , hydrophilic fib e rs ar e e ff e ctiv e in applications in which one wants th e anti 
microbial fabric or material to more e asily absorb wat e r, such as when th e fabric i s design e d to 
absorb solution s containing bact e ria and fungi and oth e r microb e s. Alt e rnativ e ly, hydrophobic 
fib e rs ar e e ff e ctiv e in applications in which on e wants to avoid th e absorption of such solutions, 
such as in th e manufactur e of clothing, in g e n e ral, and in work cloth e s, in particular. 
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[0389] Th e anti microbial ag e nts can also b e add e d to low - m e lt polym e r fib e rs that can b e 

activat e d and m e lt e d during fabric production by raising th e t e mp e ratur e , thus spr e ading th e anti 
microbial ag e nts throughout th e fabric wh e n the low - m e lt fib e rs m e lt and coat th e int e rstitial 
int e rs e ction s of th e oth e r fib e rs. By varying th e amount of anti microbial containing low m e lt 
fib e r r e gionally and/or by varying the amount of anti microbial ag e nt in th e s e low m e lt fib e rs, a 
fabric or mat e rial can b e produc e d that has a purpos e ly d e sign e d r e gional variation in anti 
microbial e ff e ctiv e n e ss throughout. 

[0390] Specifically, th e latt e r situation can b e achi e v e d by u s ing an amorphous binding fib e r 

such as PETG, which can b e bl e nd e d into yarns and with oth e r fib e rs to form fabrics and 
mat e rials. Aft e r h e at activation, th e PETG fib e rs m e lt, w e tting th e surfac e of th e surrounding 
fib e rs and s e ttling at th e junction s of oth e r h e at stabl e fib e rs. In this way, s olidifi e d drops of 
PETG form at th e s e junctions and bind th e fib e rs tog e th e r whil e spr e ading th e anti microbial 
ag e nt throughout the fib e r. B e caus e of th e exc e ll e nt wetting charact e ristics of PETG, th e anti 
microbial ag e nt can b e uniformly di s tribut e d throughout th e fabric. Thes e m e thods of activating 
PETG fib e rs may also b e u se d to additionally distribut e pigm e nt s and th e other additiv e s 
described abov e throughout th e finish e d fabric s and mat e rials. 

[0391] Th e bind e r fib e r carrier containing polym e rs and anti microbial additiv es can b e 

bl e nd e d with non anti - microbial fib e rs such as cotton, wool, poly e st e r, acrylic, nylon, PTT, 3GT, 
rayon, modified rayon, and ac e tat e to form anti microbial fini s h e d fabrics. Thus, an anti 
microbial finish e d fabric is produced that is abl e to withstand significant w e ar and washings and 
maintain its e ff e ctiv e n e ss. 

[0392] A typical e xampl e of this e mbodim e nt is a fib e r using PETG polym e r with a silv e r 

z e olit e additiv e to bl e nd with cotton at conc e ntrations up to 10 p e rc e nt by w e ight to produc e a b e d 
sh ee t. Th e bind e r fib e r is activat e d in th e drying cycl e of th e final bl e aching op e ration or oth e r 
h e at op e ration. Th e PETG then m e lts and w e ts th e surfac e of th e cotton fibers to carry th e anti 
microbial prop e rty to th e e ntire sh e et with an add e d b e n e fit of incr e asing str e ngth and reducing 
pilling. 
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ATHLETIC WEAR 

[0393] Athl e tic wear clothing and lin e rs, including athl e tic w e ar lin e rs mad e from a wholly or 

partly synth e tic fib e r that can b e with e r mono or multi compon e nt in natur e , and bind e r fib e rs 
both stapl e and filament, with anti microbial prop e rti es and which can b e us e d with oth e r 
synth e tic or natural fibers to form a variety of fabrics and mat e rials. Athl e tic w e ar is subj e ct to 
the accumulation of bact e ria, fungi, and associat e d odors that can prolif e rat e in th e pr e s e nc e of 
sw e at and oth e r bodily s e cr e tion s that r e sult from str e nuous e xercis e in this type of clothing. This 
typ e of product may b e mad e using anti microbial fib e rs, and which for s om e applications are 
provid e d with a lay e r which touch e s th e skin and wicks away th e sweat to mak e a mor e 
comfortable garm e nt (or lin e r) and this typ e of articl e ben e fits from th e us e of anti microbial 
fib e rs in at l e ast on e lay e r. Th e y can includ e T shirts, crotch lin e rs, bicycl e pants and shirts, 
sw e at suits, athl e tic support e rs, str e tch pants, long und e rw e ar, and athl e tic socks. B e caus e this 
typ e of clothing i s constantly and int e rmitt e ntly b e ing soak e d with sw e at and brought into contact 
with dirt and associat e d mat e rials, th e y ar e subj e ct to bact e rial and fungal growth as w e ll as to the 
d e v e lopm e nt of associat e d odors. By manufacturing this clothing with lining mat e rials mad e , at 
l e ast partially, of the anti microbial fib e rs of this inv e ntion, growth of microb e s could b e r e duc e d. 
In addition, th e e xac e rbation of microbial growth and resultant odor production upon storag e of 
this typ e of clothing in bags ov e r tim e could b e r e duc e d. Th e s e anti microbial fib e r containing 
clothing is us e ful in r e ducing th e growth of bact e ria, fungi, and oth e r microb e s onc e soak e d with 
sw e at, thu s r e ducing associat e d odors and th e discomfort of th e individual. Sp e cifically, th e anti 
microbial fiber containing fabrics may b e us e d in the interior linings of shirts and pants or shorts, 
such as thos e us e d in running and bicycling. Th e s e anti microbial fibers may also b e us e d in th e 
manufactur e of athletic clothing that do e s not hav e linings. This typ e of athl e tic clothing is then 
abl e to b e us e d for long periods of tim e while maintaining its anti microbial and anti odor 
properti e s b e cause of its r e sistance to multipl e wa s hings. In addition, th e m e thods describ e d 
above could also b e us e d to produce clothing dyed in a vari e ty of colors that would possess e s th e 
charact e ristics of inhibiting microbial growth and its associat e d odors, thus incr e asing its 
v e rsatility. 
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MOP HEAD FABRICS 

[0394] Mop head fabrics can be of fibers in yarns, knitted fabrics, woven fabrics or non- 
woven fabrics. Mop head fabrics are subject to bacterial and fungal growth due to their 
constantly being wetted upon use, and are left wet in storage and allowed to air-dry. This 
constant wetting also causes the development of odors and the eventual deterioration of the 
integrity of the mop head materials themselves. Mop heads can transfer bacteria and fungi from 
one area to another and thus can be the cause of significant collections of microbes and fungi. 
Thus, these mop head fabrics made from anti-microbial materials significantly reduce the growth 
of mold, mildew, and bacteria. By achieving this goal, odors associated with the long-term use of 
these materials are reduced. Also, the number of times they may be re-used before being 
discarded is increased, both because of the incorporation of anti-microbial fibers into these 
materials and the strengthening strategies indicated above. These characteristics also result in a 
significant costs savings in the use of mop heads in industrial settings. 



MEDICAL ^PES 

[0395] M e dical wip e s ar e mad e using anti microbial fib e rs in th e ir manufacture. Th e s e anti 

microbial fib e r containing m e dical wip e s ar e us e ful in r e ducing th e growth of bacteria, fungi, and 
oth e r microb e s that can b e introduc e d from th e e nvironm e nt during th e cl e aning of surfac e s in 
institutional s e ttings, thus reducing and pr e v e nting inf e ctions g e n e rally. Specifically, th e anti 
microbial fiber containing fabrics may b e us e d in both th e cov e ring fabric and th e water absorb e nt 
int e rior mat e rial. In this way, both surface and int e rior prot e ction can b e achi e v e d. In addition, 
th e s e materials could also b e manufactur e d a s r e usabl e wip e s becaus e th e anti microbial e ff e ct of 
th e fib e r s of thi s inv e ntion are r e sistant to multipl e washings. Thus, a significant cost savings 
could b e r e aliz e d in th e purchasing of s upplies in a vari e ty of institutional settings, including 
hospital s and nur s ing home s . 

{0394] Th e finish e d product may b e construct e d of nonwov e n, knit, wov e n or other proc e ss. 

It may also b e tr e ated or pr e- moistoned with a topical tr e atm e nt such as a soap solution or other 
additiv e . The finish e d product can bo produc e d from any combination of natural or synth e tic 
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fib e r in addition to th e anti microbial fib e rs. Th e wip e cloth may b e unitary or combin e d or 
laminat e d to some other fabric. 

[0397] In manufacturing th e s e mat e rials, any of th e embodim e nts d e scrib e d abov e or b e low 

can b e us e d. Both th e str e ngth and r e sili e ncy of thes e mat e rials is important giv e n that th e y must 
withstand th e cl e aning of multipl e surfac e s. Thus, both bi compon e nt fib e rs and mix e d fib e r 
fabrics are us e ful e mbodim e nts for m e dical wip e s. Also, other modification s of th e 
charact e ristics of th e s e fib e rs and fabrics beyond that of adding anti microbial ag e nts, including 
th e addition of ag e nts to incr e as e or d e cr e ase hydrophobicity, ar e us e ful in manufacturing sturdy 
m e dical wip es . Al s o, anti odor additiv e s ar e us e ful in this application giv e n th e e xposur e of th e 
wip e s to a vari e ty of biological and ch e mical e nvironm e ntal contaminants. Thus, th e s e anti 
microbial mat e rials can significantly r e duce th e growth of mold, mild e w, and bact e ria in m e dical 
wip e s. 

{0398] In on e multi lay e r e mbodim e nt, th e r e is a skin contacting lay e r which contains the 

anti microbial fib e rs; an absorb e nt lay e r adjac e nt to th e first lay e r and which contains a cl e aning 
solution, a non p e rm e abl e layer adjac e nt th e absorb e nt lay e r to pr e v e nt th e user b e ing contact e d 
with th e solution or by any of th e products from a wound, and a tab attach e d to th e non p e rm e abl e 
lay e r as a handl e for th e us e r. 

DUST MASKS 

[0399] Dust masks are vulnerable to the capture and seeding of bacteria and fungi. They can 
provide hospitable sites for the protected growth and the inhalation/exhalation of microbes. 
These products benefit from having anti-bacterial and anti- fungal agents incorporated into them. 
Dust masks may be of a nonwoven construction of anti-microbial fibers (at least in part) and may 
be covered on one or both sides with a fabric layer. Such masks which can have or provided anti- 
microbial containing filters are useful in reducing the build-up of biological materials on the dust 
mask which could be inhaled by the user. Both bi-component fibers and mixed fiber fabrics are 
useful embodiments for dust masks. Other agents may be used as disclosed herein. 
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FIBROUS MEDIA 

[0400] Humidifier evaporation surface media introduces an anti-microbial fiber into the 
evaporation surface media for humidifiers. Such a media prevents the growth of mold, mildew, 
bacteria, and fungi on the media. Preventing such growth reduces or eliminates the "musty smell" 
currently experienced when such devices are started up to humidify home or office environments. 
It reduces or prevents the growth of organisms in humidifier systems to prevent odor and bacterial 
growth. The media may be made of a nonwoven fibrous material made at least in part of the anti- 
microbial fibers disclosed herein. FIG. 1228 is a schematic view of a humidifier evaporation 
surface media, which is made at least in part of anti-microbial fibers, used to humidify air. FIG. 
1329 shows a humidifier pad which could float on the surface of a tank, be attached to the bottom 
or sides of the tank, or in the suction or discharge sides of the circulation pump, and it is made at 
least in part of the anti-microbial fiber disclosed herein. FIG. 1428shows a "fish tank" 
circulation/aeration system. An anti-microbial pad or filter is on the suction or discharge side of 
the pump or attached to the bottom on the sides of the tank. This helps prevent the growth of 
microbes in recirculation systems and tanks which can not use chemicals or in which it is desired 
not to use chemicals. This and other uses for anti-microbial fibers in different environments show 
that a person working , for example, in a moldy or dirty environment would want as much 
assistance as possible in a respirator or filter or mask. Also, one wants the anti-microbial agent to 
remain in the fiber and not be inhaled by the user. 



BOAT BILGE PADS 

[0401] Boat bilge anti-microbial pads can be made at least in part with anti-microbial fibers 
can be used in a filter in the system or can be used in a manner similar to that of the car wash 
filter in pads which are placed into the water storage tank to kill bacteria in the water. 



LAUNDRY BAGS 
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{0402] Laundry bags can b e mado at least in part of anti microbial fib e rs a s d e scribed her e in 

to r e duc e odors and to kill bact e ria which may b e pr e sent in th e bags. 

APPAREL 

[0403] Appar e l can b e mad e using anti microbial fib e r a s describ e d e ls e wher e h e r e in. 

INSOLES 

{0404] A furth e r e mbodim e nt of practic e of th e inv e ntion is shown in FIGS. 2 4 and 25 

wh e r e in an ins e rtabl e inn e rsol e 210 for sho e s and boots is mad e up of multi lay e rs indicated in 
FIG. 2 4 . The lay e ring is indicat e d b e for e heating and pr e ssing this laminat e to form a bond e d 
construction. Th e innersol e has anti microbial that ar e availabl e in th e a s fully manufactur e d 
product and ,a s in oth e r e mbodiments of th e inv e ntion d e scrib e d abov e , ar e provid e d in a cost 
effici e nt way. 

{0405] A top lay e r 212 of th e laminat e is mad e of a non wov e n or wov e n array of fib e rs, 

pr e f e rably of poly e st e r, has an ov e rall weight of 2.5 to 6.0 oz. p e r s quar e yard and includ e s som e 
5 — 25 % of its w e ight as fibers that ar e mono compon e nt or multi - compon e nt and incorporat e 
z e olit e s of silv e r or oth e r anti microbial disp e rs e d substantially uniformly in th e lay e r. In 
ev e ntual proc e ssing th e surfac e 213 g e ts tr e at e d by e mbossing, ultrasonic bonding and/or oth e r 
modification and th e lay e r as a whole is h e at e d (along with h e ating and pr e ssing th e laminat e a s a 
whol e ) to e ffect, among oth e r things, bonding of fib e rs at many cross ov e r points (nod e s) 212N in 
a mann e r w e ll known in th e art to eff e ct d e nsification and s tr e ngth whil e retaining substantial 
porosity and moistur e vapor p e rm e ability through th e lay e r. 

{0406] Th e n e xt major lay e r 21 4 is mad e of th e rmo formabl e polym e rs, pr e f e rably 

poly e st e rs and/or co polyest e rs including 20 — 80 w e ight perc e nt of mono component fibers and 
convers e ly 80 — 20 w e ight perc e nt of multi compon e nt fib e rs, th e latt e r incorporating anti 
microbial agents as d e scribed h e r e in, th e lay e r w e ight in 2.5 — 9.0 oz. p e r square yard. Th e lay e r is 
non wov e n n ee dl e punched fabric with som e distinct fib e r ori e ntation in th e lat e ral dir e ction 
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within lay e r 21 4 its e lf and with punch e d through fibers from th e n e xt low e r lay e r as d e scrib e d 
b e low. This lay e r 21 4 is bond e d to lay e r 212 by a an adh e sive w e b of scrim or m e sh form of 15 
2 8 gm per s q. m e t e r w e ight (v e ry diaphanous) and made of poly e st e r, polyol e fins (polothyl e n e , 
polypropyl e n e , e tc.), polyamid e or oth e r fib e r materials and in th e course of laminat e heating and 
pr e ssing b e comes an e ff e ctiv e bonding ag e nt to bond lay e rs 212, 21 4 s e cur e ly to pr e v e nt d e 
lamination in s e rvic e use. 

[0407] Th e n e xt major lay e r 216 is d e signed as a moistur e storag e (and e v e ntual off gassing) 

lay e r with high surfac e ar e a fib e rs, including 20 — 50 w e ight p e rc e nt of 4 DG lob e d or groov e d 
fib e rs of poly e st e r or oth e r fib e r mat e rial of a typ e well known p e r s e , 50 — 60 w e ight p e rc e nt of 
normally surfac e d poly e st e r mom - compon e nt fib e rs and 5 to 25 weight p e rc e nt of bi - compon e nt 
fib e rs containing anti - microbial ag e nts. Th e bi compon e nt fib e rs are pref e rably normally surfac e d 
but could also b e mad e of groov e d form, consist e nt with th e missions of anti microbial ag e nt 
carriag e and acc e ss. Th e lay e r a s a whol e w e ighs 4 — 12 oz. p e r sq. yard and is bond e d to lay e r 
21 4 by d e ep n ee dl e punching fib e rs of lay e r 216 into lay e r 21 4 using barb e d f e lting n e edl e s to 
es tablish lat e ral wicking paths as indicat e d, e .g., at 216L. 

{0408] Th e final lay e r 21 8 is a co e xtrud e d two part plastic film with a barri e r sub lay e r 

portion 21 8 A and a bonding sub lay e r portion 218B, e ach such portion being 25 — 100 microns 
thick and mad e of A/B combinations of, e .g., polypropyl e n e /poly e thyl e n e , 
polypropyl e n e /poly es t e r, polyropyl e n e /polyamid e , e tc. 

{©409] Wh e n th e laminat e is h e at e d and pr e s se d und e r stat e of th e art conditions for molding 

such mat e rials th e lay e r 21 4 b e com e s highly d e nsifi e d and entraps th e lat e ral fib e rs 216L to 
s e cur e layers 214, 216 tog e th e r whil e bonding lay e rs 215 and 21 8 B s e cur e th e out e rmost lay e rs to 
th e laminat e . 

[0410] Th e tough upp e r lay e r 212 r es ists cracking and sh e dding und e r th e impact of dir e ct 

us e r contact and fl e xing in us e or wh e n r e mov e d from a shoe but allows fr ee flow of moistur e 
vapor which is wick e d through lay e r 21 4 to moistur e storage lay e r 216 in an e ffici e nt way and 
r e tain e d th e r e b e caus e of th e bond e d on moistur e barrier 21 8 A so that odor do e sn't go b e yond the 
inn e rsol e to any substantial d e gr ee . Th e ov e rall r e sult is an odor absorbing innersol e of fibrous 
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mat e rial that provid e s n e c e ssary cushioning in a slim profil e that can fit comfortably in an athl e tic 
or dr e ss sho e or boot or moccasin/loafer. No foam mat e rials or charcoal adsorb e nts or th e lik e 
n ee d b e us e d. Moisture can b e absorb e d in th e pr ese nt product and retain e d with high destruction 
of odor causing microbes and th e moistur e can d e sorb gradually with low e r e d conc e ntrations of 
odor causing microb e s with two to thr ee ord e r of magnitud e r e duction. 

NAUTICAL FABRICS 

[0411] Nautical fabric s can b e mad e at l e ast in part using th e anti microbial fib e rs of th e 
present inv e ntion and ar e particularly us e ful for this typ e of application in which th e fabrics ar e 
con s tantly w e t and subject to mild e w; and 

MOLD ABLE LAMINATES 

[0 4 12] Moldabl e laminates for footw e ar may also b e produc e d as part of th e pres e nt 

inv e ntion. A binding ag e nt is provid e d in a nonwov e n product in which th e binding ag e nt i s a 
th e rmoplastic binder fib e r or bi compon e nt bind e r fib e r. Th e bind e r fib e r is th e rmally activat e d in 
order to bind (stiff e n) th e nonwoven portion of th e product. Sinc e thi s is produc e d with 100% 
th e rmoplastic compon e nts allows for e asy r e cycling. Th e product i s a th e rmal moldabl e impact 
r e si s tant stiff e n e r for footw e ar applications such a count e r or box to e . 

[0 4 13] A 100% thermoplastic, stiff r e inforcing multipl e laminat e structur e which can b e 

moldabl e into compl e x, compound shap e s and bondabl e via a th e rmoplastic hot m e lt adh e siv e to a 
carri e r surfac e to b e r e inforc e d to provid e a tough, wat e r r es istant r e inforcement, usabl e for 
instanc e in stiff e ning applications as a footw e ar count e r or box to e reinforcement element that is 
r e cyclabl e into it se lf. Th e fabric lay e r is in part g e om e trically lock e d into the tough th e rmoplastic 
r e sin layer. 

[0 4 1 4 ] As shown in FIG, 26, th e product compris e s a tough e xtrud e d cor e of th e rmoplastic 

r e sin such as ionomor, EVA or styren e stiff e n e d ionom e r and at l e ast on e impact r e sistant 
strength lay e r of nonwov e n. 
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[0 4 15] The noodle punch e d nonwov e n is manufactur e d from a bi - component stapl e fib e r or 

bl e nd or PET stapl e fiber and bind e r staple fib e r or blend of PET stapl e fib e r and bi compon e nt 
stapl e fiber. The nonwov e n utiliz e s a combination of PET fibers and PETG or oth e r copolym e r or 
homopolymor fibers that act as a binding agent for PET. Th e stapl e fib e r is 4- 15 d e ni e r and 38 to 
76 mm in l e ngth. 

Th e th e rmoplastic compon e nts of th e product ar e eith e r miscibl e or m e chanically 

compatible so as to allow for homog e nization and incorporation into th e e xtrud e d th e rmopla s tic 
cor e thus allowing for compl e t e r e cyclability of scrap mat e rial. 

[0 4 17] Th e binder fibers hav e a low m e lting t e mp e ratur e , and the fib e r portion of th e product 

is pr e par e d as disclos e d e ls e wh e r e h e r e in. 

[0418] It will now be apparent to those skilled in the art that other embodiments, 
improvements, details, and uses can be made consistent with the letter and spirit of the foregoing 
disclosure and within the scope of this patent, which is limited only by the following claims, 
construed in accordance with the patent law, including the doctrine of equivalents. 

[0419] What is claimed is: 
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1 . An anti-microbial fabric, comprising: 

a multi-layer filter article, said article being made at least in part of a multi- 
component fiber of thermoplastic polymers, including 

a core of thermoplastic polymer being at least 20 and less than 70% of the 
fiber by weight, and 

a sheath being more than 30% of the fiber by weight and including (i) a 
thermoplastic polymer and (ii) an anti-microbial/anti-fungal inorganic additive 
being from 0.1% to 20% by weight of fiber, the thickness of the sheath in microns 
being approximately two times the nominal particle size in microns of the additive. 

2. The fabric of claim 1 , forming at least a part of an air filter. 

3. The fabric of claim 1, forming at least a part of a water filter. 

4. The fabric of claim 1, wherein an anti-odor agent is added to the fiber. 

5. The fabric of claim 1, wherein at least one layer has the anti-microbial fiber, said layer 
being on the intended upstream side of the other layers. 

6. The fabric of claim 1 , forming at least part of a car wash material. 

7. The fabric of claim 1, forming at least part of a filter or a batt in a car wash water recycle 
storage tank. 

8. The fabric of claim 1, forming at least in part a mop head fabric. 

9. The fabric of claim 1 , forming at least in part a dust mask. 
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10. The fabric of claim 1, forming at least in part a humidifier evaporation surface media 
and/or a circulation/ aeration system pad. 

1 1 . The fabric of claim 1 , forming at least in part a boat bilge anti-microbial pad. 

12. An anti-microbial fabric, comprising: 

a multi-layer filter article, said article being made of a bi-component fiber, 
including 

a core of a high tenacity polymer being at least 20 and less than 70% of 
the fiber by weight, and 

a sheath of a hydrolysis resistant polymer being at least 30% of the fiber 
by weight, and including an additive ranging from 0. 1 % to 20 % by weight of 
the fiber and being selected from the group consisting of pigments, compounds 
creating a hydrophilic surface, and anti-microbial, anti-fungal and anti-odor 
materials. 

13. The fabric of claim 12, forming at least a part of an air filter. 

14. The fabric of claim 12, forming at least a part of a water filter. 

15. The fabric of claim 12, wherein an anti-odor agent is added to the fiber. 

16. The fabric of claim 12, wherein at least one layer has the anti-microbial fiber, said layer 
being on the intended upstream side of the other layers. 

17. The fabric of claim 12, forming at least part of a car wash material. 

18. The fabric of claim 12, forming at least part of a filter or a batt in a car wash water 
recycle storage tank. 
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19. The fabric of claim 12, forming at least in part a mop head fabric. 

20. The fabric of claim 12, forming at least in part a dust mask. 

21. The fabric of claim 12, forming at least in part a humidifier evaporation surface media 
and/or a circulation/ aeration system pad. 

22. The fabric of claim 12, forming at least in part a boat bilge anti-microbial pad. 

23. An anti-microbial fabric, comprising: 

a multi-layer filter article, including: 

a binder fiber made from low temperature polymer with a melting 
or softening temperature below 200 degrees C, 

an anti-microbial additive of an inorganic compound made from a 
metal chosen from the group consisting of copper, zinc, tin and silver 
added to the binder fiber, the additive ranging from 0.1 to 20% by weight 
of the fiber, and 

fibers which are free of anti-microbial additive being blended with 
said binder fiber, said blend of fibers having been heated to its melting 
temperature, thereby providing a fiber blend which can be used to produce 
an anti-microbial finished fabric able to withstand significant wear and 
washings and maintain its effectiveness. 

24. The fabric of claim 23, forming at least a part of an air filter. 

25. The fabric of claim 23, forming at least a part of a water filter. 



26. The fabric of claim 23, wherein an anti-odor agent is added to the fiber. 
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27. The fabric of claim 23, wherein at least one layer has the anti-microbial fiber, said layer 
being on the intended upstream side of the other layers. 

28. The fabric of claim 23, forming at least part of a car wash material. 

29. The fabric of claim 23, forming at least part of a filter or a batt in a car wash water 
recycle storage tank. 

30. The fabric of claim 23, forming at least in part a mop head fabric. 

3 1 . The fabric of claim 23, forming at least in part a dust mask. 

32. The fabric of claim 23, forming at least in part a humidifier evaporation surface media 
and/or a circulation/ aeration system pad. 

33. The fabric of claim 23, forming at least in part a boat bilge anti-microbial pad. 

34. The fabric of claim 23, wherein the fibers which are free of anti-microbial additive are 
cotton. 

35. The fabric of claim 23, wherein the binder fiber is made of PETG. 
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ABSTRACT OF THE DISCLOSURE 

An anti-microbial and/or anti-fungal synthetic fiber and various filter p roducts made 
partially or wholly therefrom. The fiber comprises various thermoplastic polymers and additives 
in a mono-component form or a bi-component form in either a core-sheath or side-by-side 
configurations. The anti-microbial synthetic fibers comprise inorganic anti-microbial additives, 
distributed in certain areas to reduce the amount of the anti-microbial agents being used, and 
therefore the cost of such fibers. The fibers can incorporate anti-microbial additives so that they 
are not removed by repeated washing in boiling water and in dry clean cycles and become 
ineffective and conversely enhance access to the additives by washing or the like. The fibers 
comprise high tenacity polymers (e.g. PET) in one portion and hydrolysis resistance polymers 
(e.g. PCT) in another portion with the additives. Th e fib e r s can furth e r be bl e nd e d with non anti 
microbial fibers such as cotton, wool, poly e st e r, acrylic, nylon e tc. to provid e anti microbial 
finish e d fabrics. In one embodiment, binder fibers are used which are mixed with other fibers. 
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